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Preface. 


The  most  importaDt  ecoDomic  value  of  the  present  vol- 
ume consists  in: 

I.  The  outlining  in  detail  of  all  the  "granites''  of  the- 
state,  showing  a  large  supply  of  excellent  building  stone 

II.  The  determination  of  the  crushing  strength  of 
hose  of  the  igneous  rocks  of  the  state  that  are  available  for 
)ui1ding  purposes. 

III.  Absorption  tests  made  of  the  Arkansas  "granites^'' 
ind  their  comparison  with  other  well  known  building  stones*. 

The  results  of  these  tests  are  somewhat  remarkable^ 
showing,  as  they  do,  that  the  Arkansas  "blue  granite"  (pu- 
laskite)  will  withstand  a  higher  pressure  than  any  of  the  well 
known  granites  of  the  country.  The  low  absorption  of 
water  by  this  rock  is  also  greatly  in  its  favor  for  building 
purposes,  while  its  qualities  on  the  whole  rank  it  above  al> 
other  known  granites.     (See  p.  53.) 

But  while  these  igneous  rocks  of  the  state  will  doubt- 
less become  still  more  important  in  the  future,  their  chief  at* 
traction  to  the  geologist  lies  in  their  purely  scientific  in- 
terest— their  history,  petrography  and  mineralogy. 

Certain  localities  in  Arkansas  have  long  been  renowned 
for  rare  and  beautiful  minerals,  and  especialy  have  those 
from  Magnet  Cove  been  earnestly  sought  for  by  collectora^ 
and  dealers  in  minerals.  A  large  portion  of  the  description 
of  this  interesting  region  in  the  present  report  is  taken  up 
with  the  minute  chemical  and  crystallographic  investigatioD 
of  both  the  older  and  well  known  minerals,  as  well  as  the 
less  known,  or  entirely  unknown  varieties  which  h^^^  \>^^\w 
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brought  to  light  by  the  researches  of  the  Survey.  The  older 
minerals  have  been  described  and  figured  principally  from 
what  has  already  been  written:  thus  brookite  or  arkansite, 
rutile,  perofskite,  schorlomite^  eleolite,  etc.,  had  been  so 
fully  described  that  little  was  left  for  the  present  survey  to 
do  toward  their  investigation,  while  such  minerals  aseudial- 
ite,  eucalite,  manganopectolite,  montichellite  and  others 
have  afforded  material  for  original  investigation  for  the 
present  workers. 

The  igneous  rocks  of  the  state,  however,  had  been  com- 
paratively little  studied;  and  with  the  exception  of  a  few 
desultory  notes  scattered  over  a  wide  range  of  literature,  no 
petrographic  descriptions  had  been  given  of  them.  These 
descriptions,  such  as  they  are,  were  made  mostly  without 
the  use  of  a  microscope,  and  before  petrographic  methods 
«nd  appliances  had  reached  their  present  state  of  progress. 
Much  space  has  therefore  been  devoted  in  this  volume  to 
detailed  microscopic  investigations  of  each  of  the  numerous 
types  of  igneous  rock.  It  has  been  found  necessary  in  the 
<«ourse  of  these  examinations  to  make  use  of  many  words 
and  names  which  are  unintelligible  to  one  not  a  petrograph- 
^r,  but  it  has  been  deemed  best  to  attempt  no  popular  ex- 
planation of  these  terms,  as  such  an  attempt  would  leave  the 
reader,  unless  equipped  with  a  petrographic  microscope  and 
the  necessary  literature  without  any  clearer  idea  of  the 
subject. 

It  has  been  found  necessary  to  coin  several  new  rock 
names  for  species  which  could  not  well  be  described  by  the 
<^ompounding  system  used  in  general  throughout  the  report; 
thus,  pulaskite,  fourchite  and  ouachitite,  names  derived 
from  political  divisions  or  natural  features  of  the  state,  have 
been  made  use  of.  Besides  the  names  especially  mentioned, 
a  large  number  have  been  built  up  by  the  compounding  of 
the  name  of  the  principal  rock  to  which  have  been  prefixed 
the  names  of  one  or  more  important  minerals  occurring  in 
it.  There  are  few  regions  of  the  world  where  so  many 
varieties  of  rock  occur  within  such  small  areas  and  in  such 
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almost  hopeless  eonfasion,  and  where  besides,  disintegration 
and  erosion  have  made  a  sharp  separation  of  the  various 
types  almost  impossible. 

The  Geological  Survey  of  the  State  having  been  estab- 
lished chiefly  for  economic  purposes,  and  its  funds  being  too 
small  for  it  to  do  much  beside  purely  economic  work,  the 
study  of  the  igneous  rocks,  and  the  scientific  results  here 
presented,  would  necessarily  have  been  omitted  had  the 
Survey  not  been  so  fortunate  as  to  secure  the  aid  and  valu- 
able services  as  a  volunteer  assistant,  of  Dr.  J.  Francis 
Williams,  the  author  of  the  present  volume.  In  October 
1889,  Dr.  Williams  began  his  studies  of  these  rocks.  The 
few  observations  made  up  to  that  time  upon  igneous  rocks 
by  other  members  of  the  Survey  were  placed  in  his  hands; 
to  this  unimportant  beginning  he  has  added  five  months  of 
field  work  and  about  nineteen  months  of  ofi&ce  work. 
No  one  could  possibly  have  labored  more  faithfully  or  more 
enthusiastically  than  he  has  done,  and  no  one  could  have 
produced  more  satisfactory  results  within  the  time  that  he 
has  been  able  to  devote  to  it. 

To  those  interested  in  petrography  and  mineralogy  the 
scientific  results  of  Dr.  Williams'  work  need  no  commenda- 
tion, while  the  people  of  the  state  who  are  not  directly  in- 
terested in  purely  scientific  work  will  remember  that  these 
results  must  for  all  time  reflect  credit  upon  the  state  in  which 
the  work  has  been  done,  and  under  whose  auspices  the  re- 
sults are  here  published. 

The  topographic  maps  of  the  Fourche  Mountain  region 
and  of  the  Magnet  Cove  region  that  had  already  been  made 
by  the  Survey  were  placed  at  Dr.  Williams'  disposal  when 
he  began  his  work  and  appear  in  the  present  volume.  (Maps 
II.  and  IV.)  These  maps  were  made  by  instrumental  sur- 
veys (telemeter  measurements)  and  the  elevations  determined 
by  the  use  of  the  vertical  arc.  Stations  that  could  be  readily 
found  were  thus  established  over  the  entire  area  covered  by 
the  maps.    Many  of  these  stations  were  for  the  purpose  of 
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locatiDg  partings  between  different  kinds  of  rocks,  while 
others  were  utilized  afterward  in  doing  the  purely  geological 
work.  Mr.  Louis  L.  Smith,'  who  acted  as  rodman  on  the 
topographic  survey,  accompanied  Dr.  Williams,  and  by  his 
acquaintance  with  the  stations  facilitated  references  to 
the  instrumental  lines.  The  location  of  the  dikes  and  of  the 
Tarious  rocks  occurring  in  the  Fourche  Mountain  and  Mag- 
tiet  Cove  areas  is  therefore  as  nearly  accurate  as  it  is  possible 
to  niiake  it  on  maps  of  the  scales  used. 

In  Saline  county  no  detailed  topographic  maps  were 
made,  and  map  III.  was  constructed  by  Dr.  Williams 
by  referring  to  the  land  lines  of  the  United  States  land  sur- 
veys. 

The  analyses  given  herein,  and  for  which  the  Survey  is 
responsible,  have  been  made  by  Dr,  Williams  himself,  by  Dr^ 
R.  N.  Brackett,  the  Chemist  of  the  Survey,  or  by  Prof.  W. 
A.  Noyes  of  the  Rose  Polytechnic  Institute.  Those  of  Dr. 
Williams  were  made  in  his  own  labaratory  then  at  Clark 
University  where  his  facilities  for  such  work  enabled  him  to 
li^uard  against  errors;  owing  to  the  lack  of  those  facilities  in 
the  Survey's  laboratory,  analyses  made  by  Dr.  Brackett  are 
to  be  credited  with  a  less  degree  of  accuracy. 

The  time  which  Dr.  Williams  could  give  to  this  work 
did  not  admit  of  his  examining,  in  addition  to  the  chief  erup- 
tive areas,  all  the  dikes  found  in  the  state.  Prof.  J.  F. 
Kemp,  of  Columbia  College,  who  has  given  much  attention 
to  the  study  of  dike  rocks,  very  kindly  undertook  the  ex- 
amination of  the  samples  collected  from  a  great  many  of 
these  dikes.  The  results  of  his  work  are  given  in  Chapter 
XIL,  and  also  in  Chapter  XIII,,  where'the  last  column  but 
two  shows  which  of  them  were  examined  by  him  and  which 
by  Dr.  Williams.  It  will  be  seen  that  Professor  Kemp  has 
done  a  great  deal  of  valuable  work  upon  these  rocks  for 
which  the  Survey  is  greatly  his  debtor.  It  is  not  convenient 
to  separate  the  determinations  made  by  Prof.  Kemp  from 
those  made  by  Dr.  Williams,  and- for  this  reason   the   obser- 
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vatioDS  are  all  brought  together  in  a  single  table,  and  credit 
given  to  each  observer. 

It  should  not  be  overlooked  that  the  dikes  mentioned 
in  the  table  and  those  shown  upon  the  maps  make  no  pre- 
tention to  being  the  only  eruptive  dikes  in  the  state. 
Throughout  the  entire  region  of  the  Ouachita  uplift  there 
are  probably  scores  of  small  dikes  that  have  not  been  seen 
by  the  members  of  the  Survey. 

In  the  petrographical  and  mineralogical  portion  of  the 
work  the  Survey  has  received  the  kind  aid  and  suggestions 
of  Professor  H.  Rosenbusch  of  Heidelberg,  of  Professor 
George  H.  Williams  of  Johns  Hopkins  University  and  of 
Professor  Orville  A.  Derby  of  Sao  Paulo,  Brazil.  Especial 
thanks  are  due  to  Prof.  E.  S.  Dana  of  Yale  College  for  the 
willingness  with  which  he  loaned  the  plates  from  his  Brook- 
ite  article,  and  to  Dr.  F.  A.  Genth  for  his  kindness  in  fur- 
nishing unpublished  analyses  of  several  minerals  from  Mag- 
net Cove. 

'  For  the  cordial  aid  and  cooperation  in  carrying  on  the 
field  work  the  Survey  is  under  especial  obligations  to  Mr. 
John  F.  Moore  and  to  Mr.  J.  M.  Henry  of  Magnet  Cove. 

The  types  and  thin  sections  of  rocks  and  minerals  de- 
scribed in  this  volume  are  the  personal  property  of  Dr.  Wil- 
liams, and  are  now  deposited  in  his  petrographic  laboratory 
at  Cornell  University,  Ithaca,  N,  Y. 

JOHN  a  BRANNER, 

State  Oeologist. 
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THE   IGNEOUS  ROCKS  OF   ARKANSAS. 


By  J.  Francis  Williams,  Assistant  Geologist. 


CHAPTER   I. 

Oeoloqic  Occurrence  of  Igneous  Rocks  in  Arkansas 

And  Adjacent  States. 

Area  and  importance. — The  total  area  of  igneous  rock 
exposed  within  the  boundaries  of  the  state  of  Arkansas  does  not 
exceed  thirteen  or  fourteen  square  miles  (3367  to  3626  hectares),, 
but  the  value  of  these  rocks  as  building  and  paving  materials 
gives  them  great  economic  importance.  Their  formation  and 
mode  of  occurrence  are  of  especial  scientific  interest  on  account 
of  their  relation  to  the  geologic  history  of  the  state  at  larfi:e  ; 
while  their  relations  to  each  other  are  of  even  more  importance 
rom  a  purely  petrographic  standpoint,  since  they  illustrate  th 
relative  positions  of  certain  groups  of  igneous  rocks  whose 
mutual  relations  have  been  as  yet  but  little  studied. 

Character  of  the  rocks. — The  igneous  rocks  of  Arkansas  all 
belong  to  the  eleolite  *  syenites  and  their  associated  dike  rocks. 
They  are  of  the  abyssal  and  intrusive  classes,  as  distinguished 
from  the  metamorphic  gneisses  and  schists  and  the  true  effusives. 
It  has  not  been  absolutely  proved  that  some  of  the  rocks  did  not 
form  true  eruptive  masses,  but  on  the  other  hand  no  proof  that 

^  The  spelliug  eleolite  has  been  adopted  throughout  this  report  instead  of  eleeolite  in 
order  to  shorten  the  word  and  to  make  it  correspond  with  the  apelling  of  Paleozoic  now  Id. 
common  use. 

1  Gelogical;  Vol.  ii.,  1890. 
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they  did  occur  as  such  has  been  found,  and  since  their  crystalline 
structare  points  to  a  non-effusive  origin,  it  may  well  be  assumed 
that  they  all  belong  to  the  abyssal  and  intrusive  rocks. 

Geologic  and  geographic  position. — The  larger  masses  of 
igneous  rocks  occur  on  the  southeastern  side  of  the  much  dis- 
turbed and  folded  area  known  as  the  Ouachita  uplift,  which 
extends  from  the  central  portion  of  the  state  in  a  nearly  due 
west  direction  to  and  across  the  Indian  Territory  boundary. 
The  smaller  dikes  of  intrusive  rock  are  scattered  here  and  there 
throughout  the  eastern  half  of  the  uplift  and  appear  to  be 
independent  of  the  folds  and  ridges,  which  were  formed  long 
before  the  intrusion  of  the  igneous  masses. 

The  larger  masses  of  igneous  rock  are,  however,  all  situated 
in  or  near  the  main  anticlinal  axis  of  the  uplift  and  it  is  probable 
that  they  were  forced  through  at  points,  where,  by  reason  of  the 
folding,  the  strata  were  somewhat  weakened.  It  will  be  shown 
later  that  it  is  probable  that  the  greater  part  of  the  erosion  which 
has  modified  the  topography  of  this  region  to  such  an  enormous 
extent  had  practically  been  completed  before  the  intrusion  of  the 
igneous  rocks. 

Division  of  the  eleolite  syenites  of  Arkansas  into  areas. — The 
eleolite  syenites  were  probably  all  produced  from  one  magma,  but 
since  they  occur  in  four  well  defined  areas,  and  as  the  rocks  which 
form  these  various  areas  differ  greatly  in  their  mineralogic  com- 
position, structure  and  occurrence,  each  of  the  regions  forms  a 
small  independent  group,  which  can  hardly  be  sufficiently 
•correlated  with  the  others  to  allow  of  their  all  being  described 
together. 

These  four  regions  are  : 

1.  The  Fourche  Mountain  or  Pulaski  County  region. 

2.  The  Saline  County  region. 
8.    The  Magnet  Cove  region. 

4.     The  Potash  Sulphur  Springs  region. 

Outside  of  these  four  typical  regions  there  are  many  dikes 
of  igneous  rock  which  as  far  as  their  petrographic  characteristics 
are  concerned  might  be  associated,  as  well  with  one  group  as  with 
another,  and  which  are,  as  a   matter  of  fact,  probably  directly 
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<;0DDected   with    none   of   them,    although    formed    from    the 
same  magma  from  which  they  all  derived  their  material. 

The  difierences  in  straoture  and  mineralogic  composition 

observed  in  the  rocks  of  the  four  regions  are  due  to  dififerentia- 

tions  in  the  original  magma  from  which  they  were  formed,  and 

are  attributable  in  many  cases  directly  to  the  conditions   under 

which  they  solidified.* 

Age  of  the  igneous  rocks. — A.lthough  no  very  decisive  data 
have  been  obtained  for  the  exact  determination  of  the  time  of 
the  intrusion  of  the  syenitic  rocks,  it  can  nevertheless  be 
stated  with  a  good  deal  of  certainty  that  they  were  formed  about 
the  close  of  the  Cretaceous  period.  The  formation  of  these 
rocks  did  not  take  place  at  once,  however,  but  continued  over  a 
<K)nsiderable  space  of  time. 

Character  of  the  adjacent  sedimentary  rocks. — The  rocks 
which  constitute  the  Ouachita  upliftf  consist  principally  of  shales^ 
^sandstones  and  novaculites  of  the  Lower  Silurian  system  and 
these  are  bordered  on  all  sides  by  the  Lower  Carboniferous  or 
Mississippian  rocks,  which  lie  conformably  upon  the  former.  In 
the  northern  part  of  the  area  where  the  igneous  rocks  occur,  and 
-especially  in  the  region  about  Little  Rock,  it  is  probable  that 
the  rocks  through  which  the  dikes  and  other  eruptive  masses 
have  broken  belong  to  the  Lower  Carboniferous  or  Mississippian 
series  and  not  to  the  Lower  Silurian.  North  of  the  Lower 
Carboniferous  occur  the  Productive  Coal  Measures  in  which  are 
located  the  coal  deposits  of  the  state.  These  are  situated  in  a 
large  synclinal  basin  which  extends  nearly  half  way  across  the 
«tate  from  its  western  boundary  and  is  bordered  on  all  sides,  except 
the  west,  where  it  extends  into  Indian  Territory,  by  the 
Barren  Coal  Measures.  North  of  this  the  Lower  Silurian  rocks 
form  a  wide  belt  and  extend  to  the  northern  boundary  of  the 
«tate. 

Igneous  rocks  in  Missouri. — In  the  southeastern   part  of 

*  Comp«re  *'  On  the  Crystallization  of  I^pieoua  Bocks,"  by  Joseph  P.  Iddings,  Pbil.  8oc. 
^f  Wasblogtoa,  Bulletin  XL,  1889,  p.  65;  and  "  Ueber  die  Obemiscben  Beziebungtn  der 
EruptiTgMteine,"  tod  H.  Bosenbuscb,  Mineral  u.  Petrogr.  Mittbell.,  Band  XI.,  1889,  p.  144. 

t  For  a  detailed  description  of  tbis  region  see  Vol.  III.  of  tbe  aonnal  report  of  Qeol  • 
Sarr.  of  Arkansas,  forlS90,  by  L.  S.  Oris  wold. 
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Missouri  are  large  areas  covered  by  Archean  rocks  consistiDg  of 
granites  and  porphyries  *  and  containing  the  well  known  iron  ore- 
deposits  of  Pilot  Knob  and  Iron  Mountain,  These  rocks  have 
been  shown  to  be  of  Archean  age  and  to  have  been  overlaid  hy 
the  Jjower  Silurian  f  rocks,  which  in  that  part  of  the  country^ 
have  been  but  little 'disturbed  since  their  deposition. 

Igneous  rocks  in  Indian  Territory, — Similar  Archean  rocks- 
have  been  found  on  Spavinaw  Creek^  in  Indian  Territory,  just 
west  of  the  northwestern  corner  of  Arkansas,  but  nowhere  within, 
the  latter  state  have  Archean  rocks  been  found. 

Another  mass  of  granite||  eccurs  in  Indian  Territory  two 
hundred  miles  south  of  the  exposure  on  Spavinaw  Creek  and 
extending  for  about  forty  miles  in  a  westerly  direction.  These 
rocks  are  described  as  granites  many  of  which  are  of  a  highly 
feldspathic  type,  and  are  cut  by  dikes  of  other  igneous  rock.  It 
is  not  quite  clear  from  Hill's  description  to  what  age  he  ascribes 
the  granite,  for  he  says,  ''From  near  the  above  mentioned 
railroad  (M,,  K.  &  T.  Ry.)  at  New  Boggy  Depot,  west  to  Tis- 
homingo near  the  Atchison,  Topeka  and  Santa  Fe  road,  is  a  superb 
ridge  of  granite  forty  miles  in  length  interspersed  with  dikes,  and 
completely  cutting  through  the  strike  of  the  Coal  Measures,  and 
ending  the  Fort  Smith-McAllister  coal  field.  This  granite 
is  of  many  species  and  highly  feldspathic.  Resting  upon 
this  granite  north  of  Tishomingo,  and  increasing  in  area  westward 
is  a  superb  region  of  folds  of  fossiliferous  Silurian  limestones  and 
shales,  with  possibly  earlier  rocks,  constituting  the  Arbuckle- 
Wichita  mountain  system. "  From  this  it  would  appear  that  the 
rocks  are  of  pre-Silurian  age  and  that  the  cutting  off  of  the  coal 
measures  was  due  to  a  fault  and  not  to  the  intrusion  of  the  igneous- 
rock.  It  is  possible  that  these  rocks  belong  to  the  Missouri 
system  of  Archean  granites. 

*A  Contribation  to  the  Archeean  Geology  of  Miaaouri,  by  firasmaB  Haworth,  Ameriea» 
Geologiat,  Vol.  I.,  1888,  pp.  iSO  and  868.  On  page  281  of  the  paper  mentioned,  there  is  found  ft. 
list  of  the  most  important  literature  on  the  sabject  of  these  rocks. 

t  These  are  marked  Cambrian  on  the  Geological  Map  of  the  United  States  issued  in  th*^ 
6th  Annual  Report  of  the  Director  of  the  U.  S.  G.  8.,  Washington,  1885. 

X  Second  Bep.  of  a  Geol.  Beoonnoiasance  of  the  Middle  and  Southern  Counties  of  At* 
kanaaa,  by  David  Dale  Owen,  1860,  pp.  16  and  408. 

I  Exploration  of  the  Indian  Territory  and  the  M^al  Third  of  the  Bed  Birer  by  B.. 
T.  Bill,   Am.  Qeolog^t,  Vol.  YI.,  1880,  p.  282. 
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Tertiary  and  PUiatoctne  of  Arkansas. — All  of  the  Paleozoic 
formations  in  Arkansas  and  southern  Missouri  are  cut  off  on  the 
'eastern  side  by  Tertiary  and  Pleistocene  deposits,  and  the  border 
l^ne  between  them  and  the  latter  is  approximately  parallel  to  the 
'Cour8eofthe  Mississippi  River,  until  the  center  of  the  state  is 
reached  and  it  then  turns  more  to  the  southwest.  In  Pulaski  and 
4Saline  counties  these  deposits  directly  overlie  the  igneous  rocks, 
and  show  that  they  were  deposited  after  the  intrusion  of  the 
latter. 

OreUiGeovs  in  Arkansas, — The  Ouachita  uplift  is  bounded 
on  the  south  by  a  band  of  Lower  Carboniferous  rocks  and  the 
latter  are  in  turn  cut  off  on  the  south  by  the  Cretaceous*  deposits 
of  southwestern  Arkansas  which  lie  interposed  between  them 
«ud  the  Pleistocene  deposits  further  south.  These  Cretaceous 
rocks  are  of  especial  importance,  as  indicating  the  age  of  the 
igneous  rocks  found  in  Pike  county,  Arkansas.  The  latter 
break  through  the  Cretaceous  beds,  and  show  conclusively  that 
they  are  posterior  to  them.  It  is,  however,  impossible  to  decide 
"whether  or  not  these  peridotites  of  Pike  county  should  be  correl- 
ated with  any  of  the  other  igneous  intrusions  found  within  the 
stale  of  Arkansas. 

Igneous  rocks  of  Texas. — The  Cretaceous  formation  extends 
through  southwestern  Arkansas  and  thence  south  into  Texas. 
At  several  places  igneous  intrusions  have  been  noted  and  one  of 
•especial  interest  near  Austin,  called  Pilot  Knob,t  has  been  de- 
f^cribed  by  R.  T.  Hill,  as  having  appeared  as  a  true  eruptive  rock, 
-during  Cretaceous  times.  The  rock  is  described  by  J.  F.  Kemp 
as  a  uepheline  basalt,  and  it  is  possible  that  it  may  have  been 
formed  at  the  same  time  as  some  of  the  dikes  and  intrusions  in 
Arkansas.  Other  intrusions  of  this  character  in  the  Texas 
<3retaceous  are  reported  to  be  numerous,  but  their  petrographic 
•characteristics  have  not  as  yet  been  worked  out. 

Besides  these  intrusions  of  igneous  rocks  large  masses  of 

*  See  the  report  oo  the  Neozoic  Geologf  of  Soathweatern  Arkftnsas,  by  Robert  T.  Hill, 
Aonaal  R'-port  of  the  Oeolog.  Survey  of  Arkanus  for  1888,  Vol.  II. 

t  Pilot  Knob:    A  Marine  Cretaoeoas  Volcano,  bj  Bob^rt  T.  Hill,  with  Noteaonita 
Metrography  by  J.  F.  Kemp,  Am.  Geologlat,  Vol.  VI.,  1890,  p.  286. 
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pre-Cambrian  rocks  occar  in  the  Central  Mineral  Region*  of 
Texas,  which  comprises  a  part  of  Burnet,  Mason  and  Llano 
counties. 

Oonchmona, — It  thus  appears  that  the  eleolite  syenites  and 
the  associated  dike  rocks  of  Arkanf^as  form  a  unique  group, 
situated  in  an  area,  on  all  sides  of  which  (except  perhaps  the^ 
south)  igneous  rocks  of  an  entirely  different  character  are  found.. 
That  such  an  area  of  igneous  rock  is  of  great  interest,  not  only 
from  an  economiCi  but  also  from  a  scientific  point  of  view  need 
hardly  be  emphasized. 

*  Fint  Annual  Report  of  the  Geological  Surfey  of  Tezaa,  1889.    E.  T.  Damble,  Stat^- 
Geologist,  1889,  p.  289,  Report  by  T.  R.  ComBtock. 


CHAPTER  IL 

General  Literature  on  the  Igneous  Rocks  of  Arkansas. 

Macrery, — The  earliest  mention  of  igneous  rock  in  the  state 
of  Arkansas,  then  called  the  Territory  of  Louisiana,  *  which  has 
been  found  was  made  by  Joseph  Macrery,  M.  D.,  f  of  Natchez^ 
Mississippi  Territory,  in  the  year  1806.  Macrery  writes  that  he 
received  his  information,  from  a  certain  ^^  Major  E.,  a  gentleman 
of  the  first  respectability  in  this  territory,^'  who  visited  the 
Springs  in  1804,  in  company  with  a  party  of  gentlemen  from 
Mississippi.  He  then  proceeds  to  describe  the  hot  springs  and 
their  surroundings.  He  says  (p.  48),  ^'  Silex  or  flint  with  its 
various  combinations,  often  in  the  form  of  granite,  is  the  stone 
most  commonly  met  with.  '^  He  describes  among  other  speci- 
mens brought  him,  '^Feldspar  of  a  white,  inclining  to  a  red 
color,  granulated  texture,  the  surface  covered  with  crystals  of  a 
rectangular  form  and  very  brilliant;  black  schorl,  with  pieces  of 
quartz  intermixed."  He  then  says,  ''  Volcanic  productions  are- 
common.  The  face  of  the  country  bears  strong  marks  of  fire.  A. 
rapid  decomposition  of  mineral  bodies  below  the  surface  stilt 
appears  to  go  on.''  It  appears  from  the  foregoing  sentences 
that  Major  E.  must  have  passed  through  Magnet  Cove  on  his- 
way  to  Hot  Springs.  The  next  statement  appears  to  be  a  little- 
out  of  keeping  with  what  has  since  been  found  near  Hot 
Springs,  but  it  is  quoted  as  it  was  written.     It  runs  as  follows:: 

*  All  that  portion  o'  the  Uoltad  States  which  lies  west  of  the  Mississippi  BiTer,  and  is- 
bounded  on  the  south  by  the  OuU  of  Mexico  and  Mexico,  as  it  then  existed,  and  by  Canada  on 
the  north,  was  purchased  from  Franee  in  180S,  and  in  1806  all  that  portion  of  it  north  of  the- 
present  Louisiana  state  line  was  organized  as  the  Territory  of  Louisiana,  being  what  bad  pre- 
Tioosly  been  known  as  the  District  of  Louisiana. 

t  A  description  of  the  Hot  Springs  and  Volcanic  Appearances  in  the  Country  adjoining 
the  RiTer  Ouachitta  in  Louisiana.  Communicated  in  a  letter  from  Joseph  Macrery,  M.  D.,  of 
Ifatchez,  to  Dr.  Miller.    New  York  Medical  Repository,  Vol.  III.,  1806,  pp.  47-60. 
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^'  Major  E.,  dariQg  his  stay  last  summer  at  the  springs,  witnessed 
a  great  explosion  of  one  of  the  mountains  in  the  vicinity, 
attended  with  the  sensation  of  an  earthquake.  An  immense 
^column  of  flame  and  smoke  was  seen  to  ascend  a  great  distance : 
one  of  his  hunters  was  near  the  place  at  the  time.  He  visited 
the  mountain  the  day  after  the  eruption  and  ob^rved  lava  still 
flowing  in  the  fissure  caused  by  the  ezplodion. " 

Schoolcraft. — In  1819  Henry  R.  Schoolcraft  published  the 
results  of  two  years  travel  and  investigation  in  the  territories* 
of  Missouri  and  Arkansas.f  On  page  190  he  mentions  mica  as 
being  found  at  the  ''Hot  Springs  of  Washitaw."  He  states  that 
^^  the  lamina  are  small,  extremely  flexible,  of  a  greenish  yellow 
'Color  and  admitting  very  little  light  through  their  broader  faces." 
On  page  192  he  describes  lodestone  (native  magnet)  and  states 
that  this  substance  is  found  at  a  place  called  Cove,  fifteen  miles 
below  the  Hot  Springs  in  Clark  County  (then  embracing  much 
more  territory  than  now).  He  says,  '^  The  quantity  is  represented 
as  very  great  and  it  possesses  a  strong  magnetic  power."  He 
notes  that  other  ores  of  iron,  pyrites,  quartz,  white  vitriol,  etc., 
are  found  at  the  same  place.  On  page  209,  under  the  head  of 
sulphate  of  zinc  (white  vitriol),  he  says,  ^'  On  the  authority  of 
Dr.  Andrews,  of  Mount  Prairie,  on  the  Red  River,  I  mention 
the  existence  of  native  sulphate  of  zinc  on  the  Washitaw  River 
in  Clark  County,  Arkansaw  Territory.  It  is  found  in  a  highly 
interesting  section  of  country  about  fifteen  miles  below  the  Hot 
Springs,  and  which  also  affords  iron,  loadstone,  novaculite,  quartz, 
mica,  &c.  The  rock  formation  is  argillaceous  slate  traversed 
by  veins  of  white  quartz."  On  the  same  authority,  he  mentions 
the  existence  of  native  sulphate  of  copper  and  of  a  saline  material 
eimilarto  Glauber's  salts. 

On  page  262  under  the  section  head  of  ^^  Hot  Springs  o^ 

^  While  Schoolcraft  was  making  his  obserratioos,— viz.,  1817  and  181S— the  region  was  all 
Itnown  as  Missouri  Territorj,  bat  earlj  in  1819  Arkansas  Territory  was  formed  and  coyered 
much  the  same  area  as  that  now  occupied  by  the  state  of  the  same  name.  The  State  of  Arkansaa 
-was  admitted  to  the  union  in  18S6. 

\  A  View  of  the  Lead  Mines  of  Missouri  Includiog  some  observations  on  the  mineralogy, 
geology,  geography,  antiquities,  soil,  climate,  population  and  productions  of  Missouri  and 
Arkansaw,  and  other  sectioos  of  the  Weatem  country,  By  Henry  B.  Schoolcraft,  New  York 
<Chas.  Wiley  A  Oo.)t  1819,  (800  pages  and  three  engravings). 


GENERAL  LITERATURE.  9 

Ouacbitta  (Washita w)"  be  mentions  the  Cove  fifteen  miles  below 
the  springs  and  recapitulates  the  minerals  found  there,  as  given 
above. 

Bringier. — A  description  of  the  minerals  and  rocks  of 
■Arkansas,  and  particularly  of  those  of  Magnet  Cove  was  published 
in  the  year  1821.*  The  iron  ore  deposits  of  the  "Cove  of  Waohitta" 
are  mentioned  and  are  said  to  yield  a  very  fine  quality  of  iron.  The 
occurrence  of  both  magnetite  and  a  cellular  limonite  is  noted* 
Masses  of  sulphate  of  lime,  and  talc  (Mica  ?  Editors  of  SiUiman's 
-Journal)  in  extraordinarily  large  plates  or  sheets  are  mentioned. 
The  Cove  is  said  to  abound  in  kaolin  and  petunze  of  a  very  superior 
-quality  for  the  manufacture  of  porcelain.  Kative  copper  was 
reported  to  have  been  found  there  by  an  Indian.  Pyrite  and 
native  copperas  were  also  reported,  as  well  as  a  white  talcose 
«arth,  which  was  infusible  before  the  blowpipe. 

Burr  mill  stones  were  made  from  the  rocks  forming  the 
hills  about  the  ''  Wachitta  Cove''  and  were  pronounced  to  be  of  a 
very  fine  qualitjr. 

The  editor  of  the  journal  in  which  this  article  appeared 

'(Prof.  Benjamin  Silliman)  states  in  regard  to  the  above  paper, 

that  at  his  request,  the  Rev.  Mr.  Cornelius,  who  had  in  Series  1, 

Vol.  I.,  pp.  214  and  317,  of  the  American  Journal  of  Science, 

published  the  results  of  his  observations  on  some  of  the  southern 

-and  southwestern  states,  sent  him  a  letter,  which  he  had  received 

from  L.  Bringier,  Esq.,  of  Louisiana,  and  which  embodied   a 

large  mass  of    information  concerning  those  portions  of    the 

*aouthwest  which  Cornelius  himself  did  not  visit.     In  regard  to 

this  letter,  the    editor    writes :       ^^  Although    somewhat    im- 

methodical,  it  abounds  so  much  with  interesting  statements,  that 

we  have  thought  it  better  to  publish  it,  with  some  alterations 

and  omissions  (agreeably   to  the  author's  permission  communi- 

<»ted  with  the  paper),  rather  than  to  attempt  a  new  digest  of  the 

subjects,  for  Mr.  Bringier  appears  to  have  contemplated  little 

*  Notices  of  Geology,  Mineralogy,  Topography,  Productiona,  and  Aboriginal  Inhabitants 
•^t  the  regions  around  the  Miuiasippi  and  its  confluent  waters,  in  a  letter  from  L.  Bringier, 
£sq.,  of  Louisiana,  to  Rer.  Ellas  Cornelius.  (The  letter  itself  was  dated  March,  1818,  so  that 
•these  investigations  evidently  antedate  those  of  Schoolcraft) 

Am.^our.  of  Science  (Silliman's  Journal),  Series  1,  Vol.  III.,  New  Haven,  1821  pp.  15^7 
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more  thau  the  communicatioa  of  materials^  to  be  wrought  into, 
a  different  form/' 

The  editor  submitted  the  article,  in  the  manuscript  form,  to. 
^^  N.  A.  Ware,  Esq.,  an  intelligent  and  scientific  gentleman, 
from  Alabama/'  who  gave  his  opinion  on  many  facts  stated 
in  the  manuscript ;  and  his  letter  is  published  as  a  foot  note  t(v 
the  main  article.  In  this  letter  Ware  states^  '^  I  have  no  doubt, 
of  the  granite  or  primative  mountains,  on  the  Arkansas,  and 
neighborhood/'  A  careful  perusal  of  the  article,  as  it  ap- 
pears in  print,  reveals  no  mention  of  such  granite  by  Bringier^ 
and  it  is  probable  that  it  was  omitted  when  the  manuscript  was 
revised.  If  Bringier  saw  granite  on  the  Arkansas  River,  or  in 
its  immediate  neighborhood,  and  reported  it  in  his  letter  ta 
Cornelius,  he  certainly  should  have  the  credit  of  being  the  first 
person  to  mention  the  igneous  rocks  of  the  Fourche  Mountain 
region. 

Feather atonhaugh. — The  earliest  scientific  description  of* 
the  igneous  rocks  of  Arkansas,  was  given  by  G.  W.  Feather- 
stonhaugb,  in  a  report*  presented  to  the  House  of  represent- 
atives in  1835.     The  examination  of  the  country  on  which 
this  report  was  based,  was  made  inside  of  six  months,  includ- 
ing the  time  required  for  a  trip   to  and  from  Washington,. 
The  entire  distance   was   traveled  upon  horse-back  and  a. 
profile  was  drawn  illustrating  the  geology  of  the  whole  route 
from  the  Atlantic  coast  by  way   of  St.  Louis  to  Arkansaa. 
and  Texas.     It  is  remarkable  to  note  how  well  Featherston- 
haugh  observed,   and  notwithstanding   the   obstacles   with 
which  he  had  to  contend,  in  the  form  of  wild  and  unopened 
country,  and  poor  traveling  facilities,   how  much  territory 
he  was  able  to  cover  and  investigate. 

He  describes  Magnet  Cove  (page  62)  and  mentions  ita 
nearly  circular  form  and  compares  it  to  the  Virginia  and  Ten- 
nessee coves.  He  remarks  the  presence  of  deciduous  trees  ou 
the  igneous  rocks,  while  the  siliceous  rocks  are  covered  with 

o  Geological  Report  of  an  examiDation  made  in  1834  of  the  Elevated  Country  betweei^ 
the  Misaourl  and  Red  River*,  bj  G.  W.  Featberstonhaugh,  U.  S.  Geologist.     Washingtoik,. 
(Gales  aid  Beaton),  1885,    (97  pages  with  a  section).  ' 
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pine.  He  notes  "greenstone/'  containing  much  crystal^ 
lized  hornblende,  and  "a  coarse  grained  syenite  consisting^ 
of  red  feldspar,  hornblende,  mica,  and  some  quartz/'  He 
then  mentions  the  magnetic  iron  ore,  from  which  he  says^ 
the  Cove  took  the  name  of  **  Magnet  Cove,"  by  which*^ 
it  was  then  known.  He  refers  the  rock  of  the  Cove  to  the* 
older  intrusive  rocks  and,  perhaps,  to  a  very  remote  volcanic 
formation. 

It  is  surprising  that  Featherstonhaugh  makes  no 
mention  of  the  Fourche  Cove  and  the  Pulaski  County  syenite 
region,  for  W.  B.  Powell  states  (see  below)  that  Feather- 
stonhaugh was  taken  thither  by  Kev.  W.  W.  Stevenson,  of 
Little  Rock,  and  had  the  whole  region  shown  to  him. 

Powell. — In  1842  W.  Byrd  Powell,  a  professor  of  phrenology^ 
and  geoloii^y  in  the  Medical  College  of  Louidiana,  spent  '^a  few 
weeks"  at  the  Fourche  Cove  and  then  presented  the  results  of 
his  investigations,  in  the  form  of  a  pamphlet,  to  the  Anti- 
quarian and  Natural  History  Society  of  the  State  of  Ar- 
kansas.* He  begins  his  account  of  the  region  with  some^ 
general  remarks  on  the  us9  of  geology  and  soon  passes  to  the 
description  of  the  Cove  and  its  rocks.  He  connects  the  rocks  of 
this  region  with  those,  which  he  had  heard  of  as  existing  io. 
Saline  county,  Magnet  Cove,  and  the  Little  Missouri  (Pike 
county)  region  and  of  which  he  had  seen  a  few  hand  specimens^ 
and  states  that  all  idea  of  intrusiveness,  as  suggested  by  Feather- 
stonhaugh for  the  Magnet  Cove  region,  is  disproved  by  the  great 
extent  of  country,  which  these  rocks  cover,  as  well  as  by  their 
^^highly  perfect  and  crystalline  character.'^  He  states  that  he 
considers  them  as  of  ^'primitive  origin.'^ 

In  describing  the  rock  itself,  he  speaks  of  the  granite  as  being^ 
of  the  feldspathic  variety,  and  states    that  it  contains   in  some 
places  mica  and  in  others  hornblende,  while  in  both  cases  it  is  free 
from  quartz.     He  describes  several  other  forms  of  rock  under 

*  A  Geological  Report  upon  the  Fourche  Coto  aod  Its  Immediate  Vicinity,  with  so  m»> 
remarks  upon  their  importance  to  the  Science  of  Oaology  and  upon  the  valae  of  their  Prod  uc- 
tions  to  the  Arts  of  ciTllised  Society,  accompanied  with  a  suit  of  specimens  and  a  catalogue  r. 
presented  to  the  "  Antiquarian  and  Natural  History  Society  of  the  State  o*  Arkansas,*'  by  W. 
Byrd  Fuwell,  M.  D.,  Little  Rock,  1842.    (22  pages  and  sketch  map). 
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'names  the  exact  significance  of  which  he  evidently  did  not  know. 
'Among  these  maj  be  mentioned  corneans,  honibUnde  rock,  basalt, 
greenHtone^  gneiss  and  grauwacke.  He  points  out  many  localities 
where  technically  aseful  materials  may  be  obtained,  and  closes  by 
giving  a  list  of  120  specimens,  which  were  presented  to  the 
Antiquarian  Society  of  Little  Rock  and  adds  a  sketch  map  of 
the  region  on  which  the  localities,  where  the  specimens  were 
collected,  are  indicated  by  letters. 

Shepard. — In  1846  *  Prof,  C.  U.  Shepard  mentioned  the 
occurrence  of  eleolite  as  a  mineral  at  Magnet  Cove  and  described 
several  varieties  of  rock  from  Pulaski,  Saline  and  Hot  Spring 
-counties  as  well  as  that  from  the  Little  Missouri  River  in  Pike 
county.  After  visiting  the  locality  in  1861,  he  speaks  f  of 
**'  Eudialyte  imbedded  in  feldspar  and  associated  with  segirine^ 
the  three  belonging  to  the  eztenjive  elsBoIite  rock  of  that 
remarkable  region.'^ 

Ungleman. — In  1851  Dr.  George  Eugleman  added  some  notes 
to  Dr.  H.  King's  paper,  entitled  *^  Some  Remarks  on  the  Geo- 
logy of  the  State  of  Missouri,"!  read  at  the  Cincinnati  Meeting 
of  the  American  Association  for  the  Advancement  of  Science. 
In  these  notes  he  mentions  two  of  the  syenite  localities  of  Ar- 
kansas, and  also  describes  the  black  micaceous  rock  of  the  state 
quite  correctly.  He  says  :  '^  Within  the  unfossiliferous  sedimen- 
tary rocks,  I  found  a  beautiful  gray  syeuite,||  sometimes  changed 
into  large  masses  of  kaolin  ;  and  at  another  locality,  '  Magnet 
Cove,'  a  succession  of  hills  or  knobs  of  black  and  white  syenite 
mostly  coarse  grained,  and  of  true  trachyte,  with  large  glassy 
ieldspar.  At  other  places  anomalous  rocks,  of  a  singular  structure 
were  observed,  having  sometimes  the  appearance  of  amygdaloid, 
probably  metamorphic.  Porphyry  and  granite  (without  mica) 
which  occur  in  the  syenite  of  Missouri,  I  have  uot  seen  in  Ar- 
kansas. The  connection  of  these  rocks  with  the  stratified  rocks 
has  not  been  observed." 

*  Oa  three  new  mioeral  species  from  Arkansas  and  the  discoyery  of  the  Diamond  In 
^orth  Carolina,    By  C  U.  Shepard,  Am.  Jour.  Scl.,  Series  2,  Vol.  II.,  1846,  p.  249. 

t  MiDeralogical  Notes  by  C.  U.  Shepard,  Am.  Jour.  Sci.,  Series  2,  Vol.  XXXVIL, 
4864,  p.  4C7.  • 

X  Proceedings  of  the  A.  A.  A.  8.,  Vol.  V.,  1S51,  p.  182.    Note  on  page  199. 

I  Foarche  Mountain  region. 
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"  In  the  clay  slate^  and  probably  in  it  only,  trap  dikes  are 
very  common^  especially  near  the  Saline  River.  Sometimes 
these  dikes,  one  or  more  together,  traverse  the  strata  of  slate 
leaving  them  undisturbed  on  the  edges,  or  in  other  localities^, 
bending  them  upward  on  both  sides  of  the  dike.  In  other  cases^ 
one  or  more,  (I  have  seen  as  many  as  four)  strata  of  trap  are 
wedged  in  between  the  strata  of  slate,  apparently  interstratified 
with  them,  but  evidently  forced  in  after  the  formation  of  the 
slate.  In  one  locality  I  have  found  the  ends  of  these  strata 
running  out  rounded,  as  if  they  had  been  forced  in  in  a  semi-^ 
fluid  consistency  ;  and  not  changing  the  lithological  character  of' 
the  clay  slate.  In  another,  a  mass  of  several  feet  thick  had 
split  in  hundreds  of  small  veins,  only  a  few  lines  wide,  but  easily 
distinguished  from  the  altered  and  atratified  rock.  These  trap, 
rocks  are  very  remarkable  on  account  of  the  presence  of  black 
mica  which  in  some  of  them  occurs  in  great  abundance,  and  in 
large  and  finely  formed  crystals.^' 

Engleman  then  proceeds  to  compare  the  magnetic  iron  ore  of 
Magnet  Cove  with  the  deposits  of  iron  ore  near  Lake  Superior 
and  especially  with  those  of  Missouri*  He  considers  the  granites 
and  Silurian  limestone  on  the  Llano  River  in  Texas  to  be  con- 
nected with  the  granite  and  syenite  of  Arkansas,  Missouri,  and 
of  Lake  Superior,  and  perhaps  with  that  of  the  plateau  of 
Mexico. 

Barney. — In  1852  the  Secretary  of  War  communicated  to 
the  32nd,  Congress*  a  report  by  Joshua  Barney,  on  a  Survey 
of  a  Route  for  a  Railroad  from  the  Valley  of  the  Mississippi 
to  the  Pacific  Ocean,  commencing  at  St.  Louis,  Mo. 

In  this  Barney  says:  '^  The  hills  bordering  the  valley  of  the 
Fourche  Bayou  are  very  high  and  those  on  the  right  of  the  stream 
appear  to  be  one  mass  of  granite.  There  is  as  isolated  hill  within 
four  miles  of  the  Arkansas  on  the  right  bank  of  the  Fourche, 
called  Iron  Mountain,  which  rests  on  a  base  of  granite  of  very 
superior  quality  for  building,  from  which  blocks  of  any  dimension 
can  be  obtained.     The  hill  rises  to  a  height  of  200  to  300  feet." 

Warder. — In  1854  J.  A.  Warder  published  a  pamphlet  on 

*  Exec.  D<xiainent«,  No.  49,  Stnat*,  p.  SI. 
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the  geology  of  the  Arkansas  River,*  in  which  he  mentions  the 
syenite  of  Fourche*  Mountain,  as  a  ^^veritable  granite''  and 
ascribes  to  its  intrusion,  the  formation  of  the  numerous  folds 
and  veins  in  the  region  about  Little  Rock. 

Owen. — In  1860  appeared  the  second  reportf  of  the  first  geo- 
logical survey  of  the  state  under  David  D,  Owen,  in  which  he, 
first  of  all  (page  16),  states  in  general  terms,  his  opinion  that  there 
is  a  great  '^granitic  axis  which  gives  to  Arkansas  its  peculiar  geo- 
graphical features  and  has  greatly  disturbed   and   modified   its 
geological  rock-formations,  aided,  undoubtedly,  by  a  continuous 
widespread,  underground  extension  of  these  igneous  rocks,  on  a 
platform  of  which  the  stratified  rocks  of  Arkansas  repose,  at    a 
greater  or  less  depth,  conforming  to  the  contour  of  the   waved 
surface."     He  suggests  the  probable  existence  of  another  granitic 
axis  further  to  the  north,  but  states  that  the  granite  only  appears 
on  the  surface  at  a  point  near  the  mouth  of  Spavinaw  Creek  in 
Indian     Territory.!       After    a&cribing    the  cause   of  the  hot 
water  outflow  at  Hot  Springs  to  the  same  igneous  action,  which 
produced  these  granite  protrusions  he  states  that  he  has  discov- 
ered no  outcrop  of  "real  igneous  or  crystalline  rocks  nearer  than 
Tiga§  Creek  on  the  borders  of  Magnet  Cove,  a  distance  of  ten 
miles  in  a  direct  line  from  the  Hot  Springs."  (p.  24).     He  next 
describes  Magnet  Cove  (pp.  30-3 J)  and  gives  a  list  of  the  more 
important    minerals    and  rocks  that  occur   there.       As  these 
must  be  referred  to  later  under  the  head  of  Magnet  Cove,  they 
may  be  passed  over  here  without  further  mention.     Owen  men- 
tions (p.  31)  the  beauty  of  the  granites  of  the  Fourche  Cove  and 
Saline  County  regions  and  shows  that  they  might  be  very   pro- 
iBitably  quarried  at  either  place.     He  next  describes  briefly  (p.  32) 

*  A  Geological  RecoDDoissance  of  the  ArkaDsas  Riyer,  hj  Prof.  J.  A.  Warder  of  Oincin- 
«ati,  O.,  Cleveland,  O.,  1854,  (27  pages  with  22  woodcati),  pp.  10  to  12. 

t  Second  Report  of  a  Geological  Reconnoiaaance  of  the  Middle  and  Southern  Counties  of 
Arkansas,  made  during  the  years  1859  and  1860,  by  Darid  Dale  Owen,  and  others.  Philadel- 
phia, (Sherman  A  Son)  1860,  (438  pages  with  numerous  chromolithographs). 

t  Edward  T.  Cox,  assistant  geologist  under  Dr.  Owen,  after  the  latter's  death,  visited 
SpaTlnaw  Greek  (Owen's  Report,  p.  408.)  and  followed  Its  course  for  about  thirteen  miles,  but 
•oontrary  to  his  expectations,  without  finding  any  of  the  ''Missouri  granite"  inside  of  the 
4>orders  of  Arkansas. 

I  Tiga  or  Teager.    (See  chapter  X) . 
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« small  area  of  igneous  rock  in  Pike  county,   which  he  calls 
"^'porphyritic  greenstones"  and  "trachytic  rocks." 

Owen  states  (p.  32)  that  only  two  instances  of  ^'overlying 
xsrystalline  rocks"  are  known^  one  of  which  is  exposed  on  the 
southwest  bank  of  the  Ouachita  River  near  Mill  Gap,  one  mile 
from  Magnet  Cove.  He  says:  "Here  a  hard,  tough,  horn- 
blendic  rock,  with  large  flakes,  and  crystals  of  jet  black  mica,  is 
"Seen  reposing  conformably  on  the  comparatively  soft  layers  of 
Blate,  inclined  at  an  angle  of  10°  to  11°,  dipping  into  the 
Ouachita  Biver  obliquely  across  the  channel." 

Under  the  head  of  "  Remarks  on  the  Various  Counties,"  he 

repeats  some  of  his  previous  remarks  about  the  special  regions 

referred  to.     Thus  (p.  69)  he  describes  at  some   length  *   the 

rocks  and  minerals  of  Fourche  Cove,  mentioning  a  black  por- 

<phyritic  basalt,  as  well  as  several  varieties  of  granite. 

In  that  portion  of  the  report  devoted  to  Hot  Spring  county, 
lie  returns  to  the  subject  of  Magnet  Cove  (pp.  104  and  105)  and 
then  passes  to  a  description  of  the  several  ''Chalybeate  springs" 
*(p.  106)  on  the  east  side  of  the  Hot  Springs  ridge.  He  notes 
that,  ''near  Fairchild's  Mineral  Spring  the  rock  is  a  kind  of 
tjuartz  porphyry,  amongst  which  a  calc  spar  rock  is  also  found." 

In  Saline  county  he  mentions  (p.  108)  the  ''protrusions"  of 
granite  in  2  S.,  14  W.,  and  notes  an  occurrence  of  a  trap  and 
hornblende  dike  in  1  N.,  17  W.,  section  32.  This  he  states  to 
be  of  ^'undoubted  igneous  origin."  He  also  mentions  loose  pieces 
-of  granite  on  Lindsay's  branch  of  the  South  Fork  of  the  Saline 
fiiver  near  Mrs.  Richardson's,  and  a  dike  of  black  crystalline 
basaltic  rock,  lying  conformably  with  the  argillaceous  rock  of 
the  region. 

Under  the  head  of  Pike  county,  he  states  (p.  124)  that  a 
shaft  had  been  sunk  twenty-one  feet  through  the  already 
mentioned  porphyritic  rock  without  striking  any  regular  ore 
vein,  and  (p,  127)  that  a  quarter  of  a  mile  south  of  the 
-eruptive  area  already  described,  there  was  an  indication  of 
an  eruption  of  rock,  which  had  never  reached  the  surface. 

*  Thii  will  be  ditcoased  more  In  detail  under  the  head  of  the  igneous  rocks  of  the 
Fourche  Mountain  region  (see  chapter  III). 
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Under  the  beadingi  "  Survey  of  The  Pourche  Cove  ia 
Pulaski  County,  Arkansas,  by  Joseph  Lesley,  Topographical 
Assistant,^'  (pp.  153-162)  a  short  description  of  the  topography 
of  the  region  and  a  few  notes  on  the  geology  are  given.  At  tbe- 
•nd  of  this  notice  the  following  sentence  occurs:  '' The  con^ 
tour-line  relief  map  of  this  district,  if  published,  will  be  found 
at  the  end  of  the  volume."  * 

GtUter. — A  guide  to  Hot  Springs  f  was  published  in  1874  in 
which  Magnet  Cove  and  the  Hot  Springs  region  is  described 
(pages  71-80).  The  description  is  copied  directly  from  Owen^a 
Report,  but  a  few  notes  are  added,  which  are  of  interest  in  the 
consideration  of  the  igneous  rocks  of  that  locality.  In  referring 
to  Owen's  statement,  that  no  crystalline  rocks  had  been  observed 
by  him  nearer  Hot  Springs  than  '^  Tiga  Creek,"  Cutter  remarka 
(p.  74):  *^  They  have  since  been  found  in  the  mountains  north 
and  east  of  Hot  Springs,  within  two  or  three  miles,  but  not  in 
any  great  quantity  and  small  in  size." 

On  page  77  Cutter  states  that  Owen  was  mistaken  in  regard 
to  the  depth  to  which  the  lodestone  at  Magnet  Cove  extends. 
He  says:  ''The  loadstones  are  now  quite  scarce,  and  the 
Professor  was  mistaken  in  regard  to  the  iron  ore  extending  to 
any  great  depth.  Dr.  G.  W.  Lawrence,  who  now  owns  part  of 
the  Mitchell  farm,  says  it  is  confined  to  within  a  few  feet  of  the 
surface.  The  writer  (Cutter)  examined  several  places  and  could 
.find  none  three  to  five  feet  below  the  surface;  but  it  does  exist  in 
other  parts  of  the  Cove  and  on  the  hills  surrounding  it."  On  the 
next  page  Cutter  mentions  the  idea  held  by  many,  that  niekle 
and  gold  are  to  be  found  on  the  farm  of  James  Henry  ;  and  notea 
the  fact  that  during  the  war  sulphur  was  manufactured  from 
pyrite  found  there. 

Harvey. — In  1886  F.  L.  Harvey  published  a  pamphlet  on  the 

*  Owing  to  the  incomplete  state  in  which  the  Surrey  was  left  by  the  death  of  Professor' 
Owen,  this  map  was  nerer  published,  and  the  original  of  ii  was  probably  taken  to  Philadelphii^ 
by  Mr.  Lesley,  the  topographer,  and  cannot  now  be  found. 

t  The  Hot  Springs  (of  Arkansas)  as  they  are.  Illustrated,  A  History  and  Guide,  By 
Ohas.  Cutter,  Second  Edition,  St.  Louis,  Mo.  (Southwestern  Book  and  Pub.  Co.),  1875,  (10& 
pages  a>d  9  wood  cuts). 


GENERAL  LITERATURE  17 

''  Minerals  aud  Bocks  of  Arkansas.'^  *  After  notiDg  the  various 
minerals  found  in  the  state,  Harvey  gives  a  list  of  the  crystalline- 
rocks  with  their  localities.  Among  these  he  notes  granite,  por- 
phyritic  granite,  graphic  granite,  syenite,  hornblende  rock,, 
nephelitic  granite,  dolerite,  etc.  It  is  event  that  he  only 
determined  the  above  varieties  macroscopically,  for  the  use  of 
the  microscope  would  have  brought  him  to  a  very  different 
nomenclature. 

Bosenlmsch. — H.  Rosen busch  in  his  Mikroskopische  Phys- 
iographie  der  Massigen  Gesteinef  notes  the  occurrence  of 
eleolite  syenites  (p.  91)  from  Hot  Springs,  I  Arkansas,  and  under 
the  head  of  phonolite  (p.  631)  states,  that,  accprding  to  a  com- 
munication from  H.  Carvill  Lewis,  pseudomorphs  of  feldspar 
and  muscovite  after  leucite  occur  in  the  Hot  Springs  region^ 
and  that  this  would  indicate  the  presence  there  of  a  leucitophyr 
or  a  leucite  phonolite.  This  would,  he  says,  be  the  more 
interesting,  from  the  fact  that  eleolite  syenite  is  already  known 
from  that  locality. 

Comstock. — In  1888  volume  I  of  the  annual  report  of  the 
Geological  Survey  of  Arkansas  appeared.§  It  consists  principally 
of  a  '*  Report  upon  Preliminary  Examination  of  the  Geology 
of  Western  Central  Arkansas  by  Theo.  B.  Comstock,  Dr.  Sc.,''  and 
in  this  occasional  mention  is  made  of  igneous  rocks.  Thus 
(pages  7  to  11)  the  syenites  in  the  neighborhood  of  Little  Rock 
are  described  and  the  occurrence  of  porphyries  and  massive 
igneous  rocks  noted.  The  order  of  the  overlying  sedimentary 
rocks  and  their  stratigraphic  relation  to  the  igneous  rocks  is  also 
stated. 

On  pages  55  and  56  some  granitic  rocks  about  Potash  Sulphur 
Springs  are  described  and  a  few  remarks  about  their  mineralogio 
composition  are  added.     Pages  81,  82  and  83  are  devoted  to  a 

«  The  Minerals  and  Bocks  of  Arkansas,  A  OaUlogue  of  the  Species,  with  localities  and 
notes,  by  F.  L.  HarTey,  B.  Sc.,  Philadelphia,  (Grant  and  Faires)  1886,  (32  pages  with  14  electro- 
tjpM  of  minerals  taken  from  A.  E.  Foote's  Oatalogae  of  Bfinerals.) 

t  Mikroskopische  PhTsiographie  der  Massigen  Oesteiae  von  H.  Boeenbusch,  Stutt- 
gart, 1887. 

X  Almost  all  the  minerals  from  Magnet  Core  are  known  in  Europe  as  from  Hot  Springs . 

I  Annual  report  of  the  Geological  Survey  of  Arkansas  for  1888;  John  C  Branner,  State. 
Geologist,  Vol.  1.,  1888. 

2  Geological;  Vol.  U.,  1890. 
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descriptioQ  of  Magaet  Cove  and  the  rocks  of  which  it  is  com- 
posed,  but  the  subject  is  treated  only  in  a  most  general  way  and  no 
attempt  is  made  to  trace  out  the  igneous  rocks  nor  to  determine 
their  petrographic  characteristics. 

The  report  is  supplemented  by  a  valuable  list  of  minerals 
from  all  parts  of  the  state.  A  large  number  of  these  come  from 
Magnet  Cove  and  include  both  the  minerals  of  the  igneous  rocks 
as  well  as  the  metamorphic  minerals. 

Branner. — At  the  Cleveland  meeting  of  the  Am.  Association 
for  the  Advancement  of  Science  John  C.  Branner*  stated,  that 
alihough  on  the  geological  maps  of  the  United  States,  the  area 
about  Little  Rock,  Ark.,  and  another  small  region  in  the  south- 
western part  of  the  state  were  generally  represented  as  Archean, 
this  was  not  the  case,  but  that  the  crystalline  rocks  were  injected 
into  the  Paleozoic  strata,  the  exact  age  of  which  had  not  as  yet 
been  determined.  He  inclined  to  the  .  opinion  that  the  rocks 
through  which  igneous  rocks  protruded  should  be  referred  to  the 
Lower  Carboniferous  series. 

At  the  same  meeting  a  paper  on  "Peridotites  of  Pike 
oounty,  Arkansas,  by  John  C.  Branner  and  R.  N.  Brackett"  was 
read,  and  an  abstract  of  it  appears  on  the  same  page  as  the  pre- 
ceding note.  This  paper  was  afterwards  published  in  the  Amer- 
ican Journal  of  Sciencef  and  is  incorporated  in  this  report  as  chap- 
ter XIV.  in  essentially  the  same  form  in  which  it  there  appeared. 

Day.— In  1890  the  Mineral  Resources  of  the  U.  S.  for  1888  J  - 
was  published  and  under  the  head  of  granite,  a  description  is 
given  of  the  stone  quarried  by  the  Arkansas  Granite  Company 
of  Little  Rock.§  It  is  here  stated  that  this  rock  is  not  a  true 
granite,  but  a  syenite,  and  an  analysis  obtained  from  the  lab- 
oratory  of  the  Geological  Survey  of  Arkansas  is  published. 

Other  papers,  which  have  appeared  from  time  to  time,  are 
more  limited  in  their  scope  and  will  be  reviewed  under  the 
special  subjects  of  which  they  treat. 

«  The  age  of  Crystalline  Bocka  of  Arkansas,  bj  John  0.  firanner.  Proceedings  A.  A.  A. 
8.,  Vol.  XXXVII.,   (Cleveland,  Ohio,  1888),  Salem,  Mass.,  1889,  p.  188. 

t  The  Perldotite  of  Pike  Count j,  Arkansas,  By  J.  C.  Branner  and  R.  N.  Brackett.  Am. 
Jour.  Sci.  Series  8,  Vol.  XXXVIII,  1889,  pp.  50-59  with  map. 

I  Dept.  of  the  Interior,  U.  S.  Geol.  Survey.  Mineral  Resources  of  the  U.  S.  Calendar 
^ear  1888,    By  David  T.  Day,  Waahingten,  1890,  p.  687. 

^  Tbi$  oomptLUj  is  now  absorbed  by  tbe  LUUe  Rock  Qranite  Company. 


CHAPTER  III. 

Distribution   of   the  Igneous  Rocks  in   the   Fourche 

Mountain  Region.* 

Fourche  MountaiDf  is  a  mass  of  *' granite  "J  380  feet  (117 
meters)  in  height  which  is  situated  on  the  south  side  of  the 
Fourche  Bayou^  about  three  miles  (4.7  km)  south  of  Little  Rock. 
To  the  west  of  this  aod  separated  from  it  by  a  deep  depression 
known  as  Fourche  Cove,  lies  Allis  MountaiD^§  which^  at  its 
highest  poiot^  reaches  an  elevation  of  520  feet  (160  meters) 
above  mean  tide  level  on  the  Gulf  of  Mexico.  The  northern 
portionjl  of  Fourche  Mountain  has  a  general  northeast  and 
southwest  direction,  running  parallel  to  the  Fourche  Bayou,  a 
sluggish  stream,  which  skirts  its  northern  side  and  appears  to 
form  the  limit  of  the  granite  areas  in  that  direction.  This  part 
of  the  mountain  forms  a  flat  topped  ridge  (south  i  of  sec.  13) 
nearly  a  mile  (1.6  km)  in  length.  It  falls  off  steeply  on  both 
sides,  and  at  the  northeast  end  descends  abruptly  to  the  flat 
bottom-land,  at  which  point  the  line  of  the  Little  Kock,  Missis- 

II  —  —  

*  See  map  II.  and  plate  2  in  this  report. 

t  There  are  two  Fourche  Mouatains  in  Arkansas ;  one  is  a  range  of  mountains  in 
Perry,  Yell»  Montgomery  and  Polk  couaiies  ;  the  other,  a  small  one,  is  the  one  referred  to  in 
this  report  aod  in  situated  io  Pulaski  cuunty. 

X  The  word  '*  granite  "  is  here  employed  not  in  its  petrographic  sense,  but  as  it  is  con- 
tinoally  used  by  the  Inhabitants  of  this  region  to  denote  the  syenitic  rocks,  quarried  on  these 
moaotains.  Throughout  this  rei>ort  the  word  syenite  will  be  used  to  indicate  a  rock  consisting 
of  orthoeUue  (alkali  feldspar),  biotite  (black  mica),  amphihole  (hornblende),  and  pyroxene 
(angite),  in  Tarying  proportions,  and  it  may  therefore  be  desigoated  as  a  quartsUu  granite. 
The  older  use  of  the  word  syenite,  to  designate  a  homblendie  granite,  has  been  abandoned  by 
«11  modern  petrog^raphers,  but,  as  the  older  text  books  on  geology  usually  giresuch  a  definition 
for  this  rock,  and  mention  Syeno  in  Egypt  m  a  typical  locality,  it  may  be  stated  that  the  rock 
frona  Syene,  from  which  the  Cleopatra's  needles  in  New  York,  London,  Kome,  etc.,  were 
quarried,  is  not  a  syenite,  according  t')  modern  petrographic  nomenclature,  but  a  quartz 
porphyry. 

§  Also  called  Granite  Mountain. 

II  This  small  portion  of  the  Fourche  Mountain  region  is  called  FoxxtO^v^^^^mvA^VtiVa. 
dlatinction  to  other  parts  of  the  ridge  which  alto  haTe  tpecUl  iitm«i. 
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sippi  River  and  Texas  Railway  just  touches  the  east  end  of  the- 
grauite.  The  prevailiug  rock  of  the  Fourche  Mountain  regioa 
is  the  so-called  ^*  blue  granite,  '^  *  which  has  already  been  quar- 
ried at  several  points,  as  for  example,  at  the  quarry  of  the  Little 
Rock  Granite  Company  on  the  south  side  of  the  mountain.  The- 
illustration  (plate  3)  shows  the  present  appearance  of  a  portion 
of  this  quarry.  On  the  south  side  of  the  quarry  a  dike  of  fine- 
grained light  colored  syenite  rock  occurs.  It  has  forced  its  way 
through  the  blue  rock,  but  seems  to  have  caused  very  little- 
disturbance.  Segregation  veins  of  coarse  material  are  foand 
irregularly  distributed  through  the  blue  granite  (pulaskite)  here 
and  elsewhere  on  the  ridge. 

Along  the  top  of  Fourche  Mountain  proper  there  are  scat* 
tered  several  boulders  of  light  colored,  coarse  grained  rock 
(miarolitic  eleolite  syenite)  which  is  evidently  quite  different 
from  the  mass  of  the  blue  rock,  which  makes  up  the  ridge^  and 
whose  relation  to  the  latter  will  be  considered  later. 

About  the  center  of  the  top  of  the  ridge  just  described  is  & 
slight  depression  (N.  W.  J  of  sec.  24)  through  which  the  tarn-^ 
pike  crosses  to  the  south.     This  flat  and  slightly   lower  part  of 
the  hill  is  covered  with  yellow  sand,  mould  and   loose  blocks  of 
granite.     It  is  somewhat  marshy  and  forms  the  drainage  basia 
for  the  three  higher  portions  of  the  mountain  surrounding  it.. 
These  higher  points  consist  of  the  two  portions  of  the  ridge  j  not 
mentioned,  and  a  third  ridge  to  the  south  of,  and  almost  parallel 
with,  the  main  one.     Between  this  and  the  main  ridge  lies  a 
narrow  valley  which  is  covered  with  sand  and  alluvium.     Near 
its  lower  or  eastern  end,  appear  two  or  three  small  areas  of  brown 
granite  (eleolite  syenite  dike  rock)  (chap.  IV.  ii.  C.  1).  The  ridge^ 
just  mentioned  is  from  400  to  600  feet  (122  to  183  meters)  wide^ 
and  extends  a  little  further  to  the  east  than  the  first  one.    It  is. 
bounded  on  both  sides  by  sand,  which  on  the  south  in  some 
places  reaches,  almost  if  not  quite,  to  its  crest.     The  extreme- 
eastern  end  of  this  ridge  is  cut  through  by  the  railway  and  the 

*  Thli  is  thai  roek,  which  \m  described  later  under  the  name  of  polaakite.  Bjr  palasldt** 
la  nnderatood  a  rock  made  up  of  orthoclaae,  pfroxene  (rar.  diopslde  and  Kgirite),  amphibolak 
(▼ar.  axfredionitt)  and  a  little  eleolite,  or  Ite  decompoaltioo  product,  analolte. 
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"Cut  exposes  a  deposit  of  Pleistoceue  gravel  overlying  the  blue 
granite  (pulaskite).  The  latter  shows  evidence  of  having,  at  some 
time  previous  to  the  deposition  of  the  overlying  sedimentary 
tnaterial,  formed  a  beach  covered  with  boulders  which  were 
more  or  less  rounded  by  the  action  of  the  waves.  By  the  depo- 
sition of  the  Pleistocene  material  the  spaces  between  the 
boulders  and  the  hollows  in  the  solid  rock  were  filled  with  gravel, 
and  this  in  time  became  solidified  by  the  infiltration  of  ferru- 
ginous matter.  The  boulders  themselves  have  continued  to 
decay  so  that  they  are  now  surrounded  by  shells  of  soft  de- 
•composed  material. 

Although  the  rock  at  this  point  has  been  spoken  of  above, 
as  blue  granite  (pulaskite),  it  approaches  very  closely  to  the  gray 
variety,  in  its  texture  and  mineral  composition.  It  seems  to 
hold  an  intermediate  position  between  the  two  varieties,  and 
might  well  be  designated  as  a  transition  rock.  The  rock  is  not 
•uniform  in  texture,  for  in  some  parts  it  is  much  more  like  the 
blue  granite  (pulaskite),  while  other  portions  of  it,  only  an  inch 
or  so  away,  may  have  an  almost  perfect  gray  granite  (eleolite 
syenite)  structure.  It  is  from  the  decomposition  of  such  rock 
that  the  material  for  some  of  the  analyses  of  decomposed  granite 
-(syenite)  and  kaolin  was  obtained.    (See  chapter  lY). 

East  of  the  railway  lies  a  low  marshy  tract  of  land,  beyond 
which  rises  a  low  hill  [820  feet  (98  meters)],  (S.E.  J  of  sec.  18),  the 
north  side  of  which,  almost  down  to  the  Fourche  Bayou,  is 
covered  with  blue  granite  (pulaskite).  At  the  lowest  point  in  a 
small  ravine  cutting  into  the  north  side  of  this  hill,  a  small  flat  patch 
of  brown  granite  (eleolite  syenite  dike  rock)  appears.  On  the 
south  side  of  this  hill  there  is  a  second  outcrop  of  blue  granite 
•(pulaskite)  which  extends  nearly  to  its  foot  and  to  the  Fourche 
Bayou  as  it  curves  around  toward  the  southwest. 

The  main  granite  (syenite)  ridge,  from  the  west  end  of  the 
ridge  already  described,  extends  almost  due  south  for  a  distance 
•of  two  miles  (8.3  km),  branching  out  here  and  there  into  small 
«purs  to  the  east  or  west,  but  for  the  most  part  showing  a  smooth 
«ide  bill  lying  north  and  south.  The  small  spurs  form  valleys  or 
hollows,  which  are  covered  with  sedimentary  rocks. 
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The  first  of  these  hollows  (S.  i  of  sec.  24)  on  the  east 
side  of  the  hill  is  formed  by  the  second  ridge,  mentioned  above^ 
and  a  mass  of  blue  granite  (pulaskite),  which  forms  a  small  hill 
about  half  a  mile  further  south.  This  hill  extends  about  half  a 
mile  to  the  east  of  the  main  ridge,  and  is  entirely  made  up  of 
blue  granite  (pulaskite).  The  northern  part  of  the  valley^ 
is  covered  by  shales  of  Paleozoic  age,  and  where  these  occur 
in  contact  with  the  igneous  rock,  they  have  been  very  much 
metamorphosed.*  They  present  the  appearance  of  close 
grained,  compact  igneous  rocks,  containing  spots,  in  which  the 
texture  is  almost  granitic.  These  contact  specimens  and  also- 
the  eruptive  rocks  in  immediate  connection  with  them,  are  often 
highly  impregnated  with  pyrite  and  are  moreover  peculiar  from 
the  fact  that  after  being  broken,  they  weather  very  rapidly  and 
become  coated  with  a  dark  blue  or  black  stain  in  a  few  days, 
time.  On  going  farther  away  from  the  Hue  of  contact,  the  shaly 
character  of  the  rock  appears  more  and  more  distinctly  until  at 
some  distance,  ten  to  thirty  feet  (3  to  9  meters),  no  appreciable 
metamorphism  has  taken  place.  These  shales  are  visible  for 
but  a  short  distance  from  the  igneous  rock  and  are  then  covered 
up  by  Tertiary  deposits.  Interbedded  with  the  Tertiary  rocks^ 
are  deposits  of  bauxite  15  feet  (4.6  m),  or  more,  in  thickness,, 
and  covering  a  considerable  area.  These  have  been  briefly 
mentioned  by  the  State  Geologist,  in  a  paper  entitled  ^^  Bauxite 
in  Arkansas,"!  ^^^i  are  more  fully  described  in  Vol.  I.  of  the 
Annual  Report  of  this  Survey  for  1889.  On  the  south  side  of 
this  valley  conglomerates  of  quite  recent  origin  occur.  They 
contain  much  iron  and  are  of  a  rich  brown  color.  The  State 
Geologist  considers  them  to  have  been  formed  during  late  Ter- 
tiary  times.  They  cover  up  the  shales,  where  they  come  in  con- 
tact with  them,  and  form  .a  belt  obscuring  the  contact  of  the 
igneous  rocks  with  the  latter.  There  is  no  evidence  of  any 
metamorphic  action   on   these  recent   deposits,    which    ean    be 


*  The  thanks  of  the  Survey  are  due  to  ex-Gov.  0.  C.  Bliss  and  to  Mr.  George  0,  Pye  for 
the  interest  that  they  have  taken  in  looking  up  the  line  of  this  contact,  and  in  removing  th«> 
overlying  soil,  so  as  to  expose  the  Igneous  and  sedimentary  rock^  in  direct  contact. 

t  Am.  Geologist,  Vol.  VII.,  1891,  p.  181. 
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attributed  to  the  igneous  rocks,  and  hence  it  is  quite  certain  that 
they  are  younger  than  the  latter. 

Northeast  of  the  end  of  the  granite  (syenite)  spur  form- 
ing the  above  mentioned  valley,  and  situated  near  the  point 
where  the  mountain  road  from  the  west  intersects  the  turnpike,  a 
small  body  of  syenitic  tufa  is  found,  which  consists  of  a  re- 
arrangement of  detrital  syenitic  material  solidified  by  a  siliceous 
cement.  This  material  has  come  from  the  disintegration  of  the 
igneous  rocks  and  is  not  an  original  volcanic  ash.  It  is  limited 
in  extent  and  is  of  comparatively  recent  origin. 

On  the  south  and  east  sides  (8.  ^  of  sec,  25)  of  the  granite 
spur  forming  the  above  mentioned  valley  are  banks  of  bauxite^ 
similar  in  every  way  to  those  described  above.  This  bauxite,  like 
that  of  the  other  area  mentioned,  is  surrounded  by  sandy  soil 
and  gravel  and  shows  no  direct  connection  with  the  neighbor- 
ing rocks. 

Starting  from  the  point  where  the  description  of  the  main 
ridge  was  interrupted  (N.  E.  i  of  sec.  26),  the  ridge  extends  about 
two  and  a  half  miles  (4  km)  further  in  a  southwesterly  direction,, 
and  sends  out  two  spurs  to  the  southeast.  A  short  distance- 
beyond  where  the  ridge  turns  a  slight  depression  occurs,  over 
which  the  highway  runs,  and  to  the  south  of  this  the  hill  rises  to- 
the  height  of  510  feet  (153  m) — its  greatest  elevation  on  the 
east  side  of  the  cove — and  is  known  as  Ermentraudt  Mountain* 
(occupies  sec.  34).  Taking  this  point  as  a  center,  the  hil) 
covers  an  almost  equilateral  triangle,  two  of  whose  angles  lie- 
in  the  main  ridge,  and  the  third  forms  the  spur  to  the  southeast 
already  mentioned.  It  is  between  this  southeastern  spur  and 
that  portion  of  the  ridge  lying  to  the  northeast,  that  the  most 
interesting  rocks  of  the  region  occur.  In  the  flat  land,  southeast 
of  the  point  where  the  ridge  turns,  both  bauxite  and  sandstones 
or  conglomerates  of  Tertiary  age  are  found.  The  bauxite  is« 
interbedded  with  the  other  rocks  in  such  a  way  as  to  indicate- 
that  they  are  all  of  the  same  geologic  age.  Just  east  of 
these  is  a  small  mass  of  blue  granite  (pulaskite),  which  is- 
bounded  on  all  sides,  except  where  it  underlies  the  sandstone, 
by  loose,  yellow,  sandy  soil  and  loam,  formed  by  the  decay  of 
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the  orgEDic  matter  in  the  marshy  bottom-land  on  the  8oathwest« 
About  a  quarter  of  a  mile  (0.4  km)  south  of  this  area,  is  a  small 
patch  of  shale,  which  appears  in  the  highway  and  indicates  that 
the  Paleozoic  rocks  extend  in  that  direction,  although  they  are, 
for  the  most  part,  concealed  by  the  overlying  sand.  A  mile 
<1.61  km)  to  the  east  of  this  (N.  E.  i  of  sec.  36  and  N.  W.  i  of 
sec.  31),  several  small  patches  of  blue  granite  (pulaskite),  and 
one  quite  large  mass  of  it,  occur.  The  latter  is  a  hard,  bluish 
rock,  which,  on  the  north  side  of  the  hill,  appears  decidedly 
porphyritic  in  texture.  The  location  and  extent  of  these  areas 
are  shown  on  map  II.,  and  as  they  are  bounded  on  all  sides  by 
loose,  sandy  soil  they  need  no  further  description. 

West  of  the  small  patch  of  Paleozoic  rock  described  above, 
and  lying  in  the  bed  of  a  narrow  stream,  a  small  area  of  gray 
granite  (eleolite  syenite)*  appears.  (S.  W,  J  of  N.  W.  i  of  sec. 
36), 

This  follows  the  west  bank  of  the  stream  for  about  a  thous- 
and feet  (300  m)  and  then  disappears.  It  is  covered  except 
on  the  extreme  eastern  edge,  by  loose  sandy  soil.  West  of  this 
again  about  a  thousand  feet  distant,  appears  a  mass  of  coarse 
grained  syenite  (raiarolitic  eleolite  syenite  dike  rock)  which  forms 
a  large  dike  about  two  hundred  feet  (61  m)  wide  in  its  broadest 
part,  and  1500  feet  (456  m)  long.  It  appears  as  huge  boulders, 
and  large  weathered  masses,  which  present  a  most  peculiar 
rounded  surface,  (see  plate  4).  On  the  east  of  the  dike  and 
in  its  immediate  vicinity,  nothing  but  sandy  soil  is  found,  and 
at  the  poiut  where  the  Paleozoic  rock  should  appear,  if  it 
were  present,  the  soil  is  so  thick  that  no  rock  whatever  is  found. 
West  of  the  dike  the  Paleozoic  shales  are  exposed  along  a  belt 
about  a  thousand  feet  wide,  extending  northward  almost  to  the 
foot  of  the  mountain,  but  from  which  they  are  separated  by  a 
band  of  sandy  soil.  A  second  dike  of  syenitic  rock  passes 
through  the  western  portion  of  this  shale  area.  It  is  similar  in 
some  respects  to  the  dike  just  described  and  parallel  to  which 

*■  By  eleolite  syenite  is  understood  a  rock  consisting  of  eleolite  an  i  orthoclase  (alkali 
feldspar),  with  pyroxene  (augite),  biotite  (mica)  and  a  little  amphibole  (hornblende).  In  this 
rook  the  eleolite  has  become  an  essential  constitaent  instead  of  remainiog  subordinate,  as  it 
did  in  the  c^se  of  the  pulaskite. 
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it  lies,  but  differs  from  it  in  structure  and  appearance.    It  is 

-coarse  grained  and  semi-granitio  or  trachytic  in  structurCi  has 

•a  brownish  color,  and  is  generally  known  as  ^'brown  granite." 

It  has  been  quarried  to  some  extent,  but  the  stone  has  only  been 

obtained  from  boulders  and  not  from  the  rock  in   place.     This 

^ike  extends  in  a  northeasterly  and  southwesterly  direction,  and 

.at  its  lower  end,  it  makes  a  slight  bend  toward  the  south.     In 

-some  places  the   boulders  are  large   and  close  together,   and 

indicate  a  dike  from  fifty  to  one  hundred  feet  (15  to  30  m)  in 

width,   while   in   other  places  they  are  strung  along  singly,  and 

•are  far  apart,  so  far  in  fact,  that  toward  the  southern  end,  it  is  not 

an  easy  matter  to  trace  it  at  all.  (Plate  5).     In  representing  the 

dike  on  the  map  this  variation  in  width  has  not  been  taken  into 

consideration,  and  the  dike  appears  as  of  almost  uniform  width. 

After  it  leaves  the  shale    which    forms  the  side   walls    at  its 

northeastern  end,  it  crosses  a  low,  marshy  piece  of  ground,  where 

its  course  is  indicated  only  by  a  few  scattering  blocks,  and  then 

crosses  the  top  of  a  small  hill,  which  appears  to  consist  almost 

•entirely  of  a  black,  porphyritic  rock  (tingu4ite)  containing  large 

white  feldspars,  and  of  a  metamorphosed  shale. 

It  is  almost  impossible  to  determine  the  exact  limits  of  this 
phorphyritic  rock,  because,  on  the  one  hand,  it  is  covered  up  to 
a  great  extent  by  soil  derived  from  its  decomposition,  which  has 
gone  so  far  that  little  or  no  rock  is  found  in  situ^  and  on  the 
other  hand,  it  shades  so  almost  imperceptibly  into  the  metamor- 
phosed shales  which  surround  it,  that  it  is  impossible  to  tell 
where  one  begins  and  the  other  leaves  off. 

About  a  thousand  feet  (300  m)  still  further  to  the  uorth- 
west  is  a  third  dike  of  rock,  similar  to  that  of  the  last  dike  de- 
scribed. At  both  ends  it  nearly  touches  the  main  ridge,  and 
at  its  central  point  is  not  more  than  three  or  four  hundred  feet 
*'(ca.  100  m)  from  its  base.  All  of  these  belts  of  boulders  have 
approximately  parallel  directions,  as  may  be  seen  by  referring  to 
the  map,  upon  which  their  relative  positions  are  indicated.  The 
space  between  the  innermost  dike  and  the  hill  is  covered  with  a 
thick  soil,  through  which  are  scattered  numerous  boulders  of 
blue  granite  (pulaskite). 
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Beyond  this  point  the  main  ridge  of  blue  granite  (pulas-- 
kite)  runs  southward  to  the  point  of  the  hill  which  forms  the- 
third  angle  of  the  triangle,  and  is  bounded  by  loose  sand  and* 
bottom-lands.  To  the  south  of  this  ridge,  the  decomposed 
granitic  rock  and  soil  extend  a  quarter  of  a  mile  or  more  beyond 
the  foot  of  the  hill  and  form  very  fertile  and  productive  land. 
The  rock  from  which  the  bottom-land  is  formed  appears  to  be  of 
the  gray  variety,  but  it  is  so  much  decomposed  that  an  accurate 
determination  is  impossible. 

In  the  highway  directly  east  of  the  house  of  Mr.  Ermentraudt^. 
a  mass  of  yellowish-brown  rock  occurs,  which  shows  a  decided 
banding.     It  has  the  general  appearance  of  a  decomposed  gneiss, 
but  it  has  been  shown  by  a  microscopic  examination  to  consist 
of  a  mass  of  syenitic  fragments,  (orthoelase,  basic  silicates,  etc.,). 
which  have  been  cemented  together  by  siliceous  material,  thus 
forming  a  sort  of  tufa.     This  resembles  quite  closely  that  already- 
described  (page  23). 

The  southernmost  spur  of  the  Fourche  Mountains  is  named 
South  Mountain  (occupies  sec.  4)  and  consists  of  a  mass  of  blue 
granite  (pulaskite)  which  runs  out  in  a  narrow  ridge  towards 
the  south.  On  the  east  and  south  the  rock  is  covered  by  sand 
and  soil,  but  extends  for  some  distance  underneath  it  into  the 
lowlands.  At  one  point  where  the  granite  (syenite)  appears  * 
about  500  feet  (152  ra)  from  the  foot  of  the  hill,  it  consists  of  a. 
flat  mass  of  gray  granite  (eleolite  syenite). 

North  of  South  Mountain  a  transverse  depression  separates 
it  from  the  ridge  known  as  Allis  Mountain,  (sees.  22,  27,  28 
and  33).*  This  latter  extends  for  about  3  miles  (4.83  km)  in  a 
north-by-east  direction  and  near  its  northern  end  it  turns  to  the 
northeast  and  extends  for  more  than  a  mile  in  that  direction, 
falling  almost  exactly  into  line  with  Fourche  Mountain  proper, 
from  which  it  is  separated  by  the  branch  of  the  Fourche- 
Bayou  which  forms  the  outlet  of  the  Cove. 

Allis  Mountain,  at  its  greatest  elevation,  reaches  a  height  of 
520  feet  (1 59  m)  above  the  sea  level.  As  is  the  case  with  most 
of  the  granite  (syenite)  ridges,  it  is  comparatively  smooth,  and 

■»  This  ii  also  called  Granite  Mountaio. 
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is  covered  with  a  thick  growth  consistiDg  mostly  of  deciduous 
treeSy  except  where  the  sides  are  so  steep  that  they  cannot  obtain 
a  hold.  The  side  hill  is  covered  with  loose  blocks  of  blue 
granite  (pulaskite),  among  which  may  be  found  many  ledges  of* 
the  solid  rock.  The  weathering  of  this  rock  into  blocks^  is  very^ 
CL  aracteristic  and  plate  6  shows  the  way  in  which  a  side-hill 
may  be  covered  with  them.  About  the  bottom  of  the  hill^  and 
nowhere  rising  more  than  forty  or  fifty  feet  (12-15  m)  from  the 
flat  land  appears  the  gray  granite  (eleolite  syenite)  in  huge  flat 
areas,  often  two  hundred  feet  (61  m)  and  more  in  diameter,  and 
showing  hardly  a  crack  or  seam  in  the  whole  surface.  These^ 
flat  masses  appear  to  occupy  most  of  the  area  between  the  foot 
of  the  mountain  and  the  Little  Fourche,  although  they  are  not 
everywhere  visible,  because  they  are  often  covered  over  with  sand 
and  river  mud.  These  rocks  weather  in  place  and  form  a  granitic 
soil  without  breaking  up  into  boulders  as  the  blue  granite 
(pulaskite)  does.     (See  plate  7,  page  29). 

Westof  tlie  south  end  of  the  mountain  on  the  opposite  side^ 
of  the  Little  Fourche  appear  banks  of  bauxite  like  those  de- 
Bcribed  on  the  east  side  of  the  mountain. 

At  a  point  a  little  south  of  the  center  of  the  ridge  and  on 
the  west  side  of  the  mountain  the  blue  granite  (pulaskite)  ap^ 
pears  near  the  bank  of  the  Little  Fourche  and  is  exposed  for 
several  hundred  feet.  It  is  broken  up  into  the  characteristic 
blocks  and  shows  a  decided  bluish  color. 

At  only  three  points  has  granitic  (syenitic)  rock  been  found 
on  the  west  side  of  the  Little  Fourche.  In  the  southernmost  of^ 
these  exposures  (west  of  center  of  sec.  28)  the  rock  forms  the 
nsual  flat  masses,  while  in  the  central  one  it  appears  as  if  it  formed 
a  dike,  or  boss,  which  has  weathered  into  boulders,  in  much 
the  same  way  that  the  dikes  at  the  southeast  of  the  mountaii^ 
have  done.  It  is  a  very  coarse  grained  rock,  in  which  some 
of  the  feldspar  crystals  are  as  much  as  eight  inches  in  length. 
Small  fine  grained  veins  containing  quartz  occur  in  it  in  some 
places,  though  the  most  of  the  rock  seems  to  be  comparatively 
quartzless. 

The  third  exposure  of  igneous  rock  on  the  we&t  V^^\i^  oi\!ti^ 
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Little  Fourche  lies  about  five  hundred  feet  (152  m)  north  of  the 
preceding  one  and  consists  of  a  small  group  of  huge  boulders, 
twenty  feet  (6  m)  or  more  in  diameter,  and  surrounded  on  all 
sides  by  the  alluvium  of  the  river  bottom.  These  boulders  con- 
sist of  a  coarse  grained  combination  of  feldspar,  quartz  and  some 
altered  basic  silicate  and  form,  therefore,  a  quartz  syenite  dike. 
Paleozoic  rock  has  been  found  in  a  forty  foet  (12.2  m)  well  near 
the  first  of  the  dikes  mentioned  above  and  lies  between  the  dike 
and  the  main  mass  of  the  mountain. 

The  Paleozoic  shales  appear  again  on  the  north  side  of  the 
iFourche  Bayou  and  form  a  blufi  not  more  than  a  mile  (1.61  km) 
northwest  of  the  foot  of  Allis  Mountain.  They  everywhere  dip 
steeply  to  the  north. 

Fourche  Cove  is  an  elliptically  shaped  valley,  whose  greater 
axis  has  a  north-northeasterly  direction  and  is  about  two  and  a 
half  miles  (4  km)  in  length,  while  the  width  of  the  basin 
does  not  exceed  a  mile  and  a  half  (2.4  km).  It  is  enclosed  by 
:Fourche,  Ermentraudt  and  Allis  Mountains,  and  its  only  outlet 
is  at  the  northern  end  through  the  cut  occupied  by  the  branch 
of  the  Fourche  Bayou  already  mentioned.  The  cove  is  drained' 
by  a  small  brook,  which  has  a  generally  northerly  direction,  and 
by  small  branches,  which  empty  into  it  from  both  sides.  The 
total  fall  from  the  southern  end  of  the  cove  to  the  Fourche 
Bayou,  at  the  northern  extremity,  is  about  one  hundred  feet 
•(30  m),  and  as  two-thirds  of  this  fall  occurs  in  the  first  third  of 
the  stream's  course,  the  remainder  of  the  way  its  flow  is  very 
sluggish.  The  bottom  through  which  the  stream  runs  is  covered 
in  a  great  measure  with  thick  underbrush,  which  hfis  sprung 
up  on  the  rich  alluvial  deposits  formed  by  the  stream's  overflows 
and  by  the  decomposition  of  masses  of  vegetable  matter.  As 
would  naturally  be  expected,  this  bottom-land  gives  no  clue  to 
the  character  of  the  rock  beneath,  and  it  can  only  be  surmised 
from  the  surrounding  rocks,  that  the  Paleozoic  shales  form  the 
floor  of  the  valley  below  the  overlying  Tertiary  and  recent 
deposits. 

On  the  east  side  of  the  cove,  just  below  the  blue  granite 
{pulaskite),    there    are    s^me   areas   of  gray    granite   (eleolite 


DISTRIBUTION  OF  IGNEOUS  ROCKS  IN  FOURCHE  MOUNTAIN  REGION  29^ 

syenile)     which  appear  as    large  fiat   masses  and   are   almost 
devoid   of  vegetation.      The  blue    granite*   (pulaskite)    which 
is  found  again  around  these  appears  to  be  only  in  the  form  of 
loose  boulders.     On  the  west  side  of  Fourche  Mountain  proper 
a  wide   dike  of  ^  dike  granite ''  (quartz  syenite)   occupies  the 
bottom  of  a  narrow  valley  leading  down  toward  the  west.     This 
dike  isy  in  some  places,  as  much  as  500  feet  (152  m)  wide,  and 
forms  a  straight  line  from  the  flat  crest  of  the  hill  (see  page  20). 
to  the  cove  branch.    In  many  respects  it  is  quite  similar  to  the 
other  dikes  observed  about  the  mountain,  and  is  probably  directly 
genetically  connected   with  the  one  mentioned  as  lying  along 
the  top  of  Fourche  Mountain.    A  little  further  south  on  the 
same  side  of  the  cove  is  a  bed  of  bauxite,  and  just  above  it  is  a 
deposit  of  Tertiary  conglomerate  or  sandstone.     These  rocks  are 
surrounded  on  all  sides  by  sand  and  loose  blocks  of  blue  granite 
(pulaskite).    South  of  this  pointy  two  low  elevations    appear 
in  the  center  of  the  cove,  and   on  both   of  them   blue  granite 
(pulaskite)    occurs.      In    some  places    this    rock    forms  com- 
paratively flat  masses  like  the  gray  rock,  but  it  still  appears  to 
be  distinctly  of  the  blue  variety.    This  mass  of  igneous  rock  was 
outlined,  as  is  shown  on  map  II.,  with  as  much  care  as  possible, 
although  the  thick  undergrowth   made   it    almost    impossible 
to  obtain  its  exact  boundaries.    A   little  east  of  this  mass  of 
biue  granite  (pulaskite)i  on  top  of  the  westernmost  of  the  small 
hnls   mentioned  above,  a   cap  of   brown   Tertiary   sandstone 
occurs  which  is  completely  isolated  by  sand  from  all  other  rock 
masses. 

At  the  foot  of  the  main  ridge^  on  the  east  side  of  the  cove,. 
(S.  W.  of  S.  W.  of  sec.  26)  large  flat  masses  of  the  gray  rock 
occur  skirting  the  base  of  the  hill  (see  plate  7).  Near  the 
highway,  at  the  point  where  it  crosses  this  gray  rock,  stone  has 
been  quarried,  so  that  the  weathered  surface  has  been  taken  off 
to  a  depth  of  three  feet  or  more.  The  rock  here  shows  a 
peculiar  differentiation  into  coarser  and  finer  bands,  which  will 
be  described  more  in  detail  later.  It  is  from  this  quarry  that  the 
specimen  of  the  gray  granite  (eleolite  syenite)  analyzed 
was  taken  (see  chapter  IV.  ii.  B.b.),  but  the  block  for  thecom-i 


.'20  ANNUAL  REPORT  STATE  OBOLOQIST. 

pression,  and  other  physical  tests  came  from  the  west  side  of 
Allis  Mountain,  where  rock  of  this  nature  has  lately  been 
•quarried  by  Mr.  John  8.  Braddock.  (Chapter  IV.  ii.  B,  a.) 
On  the  southeast  side  of  the  cove  the  yellow  sandy  soil 
which  has  formed  the  boundary  of  the  igneous  rock  along  its 
western  edge  ceases  and  the  Paleozoic  shale  appears.  In  many 
places  this  is  very  much  metamorphosed  and  appears  like  a  horn- 
stone,  but  a  little  farther  away  from  the  contact  the  shaly 
structure  is  visible. 

Near  the  south  end  of  the  Cove  loose  blocks  of  a  very  heavy, 
black  rock  appear,  which  are  evidently  some  form  of  very  basic 
rock.      This    has  been  shown  to  be   olivine-free   monchiquite 
or   feldspar-free   camptonite,  and   as    it   forms  a   new  type   it 
is  called  fourchite.  (See  chapter  IV,  ni.)     At  the  southwestern 
«nd  of  the  Cove  these  rocks  form  almost  the  whole  eastern  slope 
of  Allis  Mountain  and  are  bounded  on  the  lower  or  eastern  side 
by  the  more  or  less  metamorphosed  Paleozoic  shales,  and  on  the 
upper  edge  by  the  syenitic  rock  of  the  mountain.      At   several 
places  this  "trap,''  as  the   fourchite    is  called  in  the  neighbor- 
hood, is  cut  by  dikes  of  coarse  grained  syenitic  rock.     The  latter 
are  of  a  light  color  and  resemble  to  some  extent  the   quartz 
syenite  dikes  at  other  points  about  the  mountain.      In   some 
places  these  coarse  grained  intrusions  form  larger  masses,  as  for 
example,  at  a  point  pot  far  south   of  the  mountain   road  which 
crosses  from  east  to  west  over  Allis  Mountain    (center  of  E.  J 
of  sec.  32).     Boulders  of  this  material  are  scattered  here  and 
there  over  the  depression  which  forms  the  top  of  the  mountain 
north  of  the  ubove  mentioned  granitic  masses,  but  the  weathering 
action  has  gone  so  far,  and  the  blocks  are  so  few  in  number  that 
the  courses  of  the  dikes  cannot  be  traced. 

The  trap  (fourchite)  shows  considerable  variation  in 
different  parts,  both  in  its  texture  and  in  its  mineralogic  con- 
stituents, so  that  petrographically  considered  it  should  be  classed 
under  several  heads. 

This  mass  of  trap  (fourchite)  is  a  mile  (1.6  km)  or  more  in 
length,  and  lies  in  a  north-northeast  and  south-southwest  direc- 
tion, while  in  width  it  is  not  more  than  one-  quarter  of  a  mile 
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^0.4  km).  It  is  interrapted  at  a  point  about  a  quarter  of  its 
length  away  from  the  south  end,  by  a  valley  running  to  the 
west  and  forming  a  depression  in  the  syenitic  ridge  (S.  i  of 
sec.  32).  The  valley  is  covered  at  its  eastern  end  by  boggy  soil 
through  which  no  rocks  appear,  but  on  its  northern  side  the 
Paleozoic  rocks  form  a  narrow  band  between  the  recent  deposits 
and  the  trap  (fourchite).  Near  the  line  on  the  west  where  the 
blue  granite  (pulaskite)  crosses  this  valley,  loose  boulders  of  trap 
'{fourchite)  appear,  which  suggest  the  connection  of  the  larger 
mass  on  the  north,  with  the  smaller  mass  on  the  south  side  of 
the  valley.  At  the  northern  end  of  the  whole  trap  (fourchite) 
area  the  Paleozoic  shales  again  appear,  and  form  the  boundary 
^f  it. 

On  the  west  side  of  the  Cove,  in  a  small  valley  formed  by  a 
spur  of  the  Paleozoic  rocks  and  the  main  ridge  of  the  mountain, 
there  is  much  Tertiary  rock  which  is  the  remains  of  the  layer 
-of  Tertiary  material  which  was  at  one  time  deposited  over  the 
whole  Cove  and  was  subsequently  carried  away  by  erosion. 
North  of  this  the  Paleozoic  rock  forms  the  side  hill  to  a  height 
of  about  a  hundred  feet  [390  feet  (119  m)  above  mean  tide 
level]  above  the  level  of  the  bottom  of  the  Cove.  This  rock 
extends  about  the  base  of  the  mountain  to  the  point  where  the 
•east  and  west  ridges  are  separated  by  the  outlet  of  the  Cove. 

About  half  a  mile  (0,8  km)  south  of  the  area  covered  by  the 
Fourche  Mountain  group  is  another  mass  of  syenitic  rock  which 
is,  however,  comparatively  limited  in  its  extent.  The  rock  is  of 
the  blue  variety,  and  in  the  largest  mass  forms  a  hill  75  feet 
^23  m)  in  height  [340  feet  (104  m)  above  mean  tide  level].  It 
does  not  cover  more  tban  one-quarter  of  a  square  mile  (65 
hectares)  in  all.  The  igneous  rock  is  surrounded  on  all  sides  by 
sand,  loam,  or  Tertiary  deposits,  and^in  some  places  fragments  of 
Tertiary  sandstone  are  scattered  over  the  granite  (syenite),  but  it 
is  probable  that  they  are  not  in  their  original  positions.  De- 
posits of  kaolin  and  bauxite  are  common  in  this  region,  but  as 
the  distribution  of  these  substances  is  more  fully  described  by 
the  State  Geologist  in  Vol.  I.  of  the  report  for  1889,  further 
mention  of  their  occurrence  is  omitted. 
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The  granite  (syenite)  of  the  region  south  of  Foarche  Moun^ 
tain '  presents  no  special  features  and  is  very  similar  to  that 
already  mentioned  from  Fourche  Mountain  itself.  In  its  color, 
it  is  not  quite  as  dark  as  much  of  the  blue  granite  (pulaskite\ 
which  has  been  quarried,  but  this  may  be  due  to  the  fact  that  only 
surface  rock  from  this  neighborhood  has  been  seen,  while  the 
blue  granite  (pulaskite)  of  other  regions  has  been  worked  to  a 
considerable  depth  and  obtained  in  fresh  specimens.  At  one 
place,  where  material  for  chimneys  has  been  quarried  from 
large  boulders,  the  rock  appears  to  be  hard,  strong  and  of  good 
quality. 

Taken  as  a  whole,  the  Fourche  Mountain  region  oontaina 
about  five  square  miles  (1295  hectares)  of  surface  covered  with 
blue  granite   (pulaskite),   and   perhaps   one  square   mile   (258> 
hectares)  covered  with  the  gray  granite  (eleolite  syenite),  which 
is  either  directly  exposed  or  is  covered   only   by  a  thin   layer- 
of  soil.    These  figures  do  not  express  the  size  of  the  whole  area  in 
which  the  granite  (syenite)  may  be  found,  but  only  that  in  which 
it  is  now  exposed. 

The  preceeding  description  of  the  topographic  features  and 
the  distribution  of  the  igneous  rock  have  been  given  as  a  matter 
of  course,  but  all  the  facts  presented  there  can  be  obtained  much 
more  easily  by  an  inspection  of  plate  2  (p.  19),  which  is  a  repro- 
duction of  a  photograph  of  a  model  *  of  this  region,  and  by  a  study 
of  the  instrumental  contour  map  (map  U.)  upon  which  the  geology 
is  completely  represented  by  various  colors. 

*  The  thanks  of  the  SurTey  are  due  to  the  Misses  Lockwood,  of  Brooklyn,  N.  Y.,  by^ 
whom  the  relief  maps  of  both  this  and  the  Magnet  Cove  region  (see  chapter  VI.)  hare  been  care« 
fully  prepared. 
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8  Gtotogical;  Vol.  11.,  1890. 
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I.      SPECIAL   PETRQGRAPHIC   LITERATURE. 

Before  entering  into  the  detailed  description  of  the  rocks  of 
the  Fourche  Mountain  region,  it  will  be  well  to  review  more 
minutely  than  was  possible  in  the  chapter  on  general  literature, 
the  articles  which  have  already  been  published  on  this  subject. 

Bringier. — It  appears  from  what  is  stated  on  page  10  that  the 
first  mention  of  this  region  was  probably  made  by  L.  Bringier* 
but  if  that  is  the  case,  he  described  the  rock  as  a  *^  granite  or 
primitive  rock/'  and  of  course  gave  no  further  notes  of  it  which 
are  of  petropraphic  interest  at  the  pi^esent  day. 

Powell. — The  collection  which  W,  B.  Powell  presented  to 
the  Antiquarian  and  Natural  History  Society  of  Arkansas,  in 
Little  Rockyt  cannot  now  be  found.  Some  specimens  collected 
by  Powell  are,  however,  in  the  National  Museum  at  Washington, 
D.  C,  and  through  the  kindness  and  courtesy  of  Dr.  George 
P.  Merrill,  the  Curator  of  the  National  Museum,  these  were  lent 
to  the  Arkansas  Survey  and  the  writer  has  thus  been  enabled  to 
study  them  in  detail,  and  to  see  exactly  what  Powell  saw  and 
described.  Unfortunately  the  original  labels  have  been  destroyed, 
so  that  it  was  impossible  to  identify  all  of  Powell's  varieties. 

Powell  calls  the  principal  rock  of  the  ridges  (pulaskite)  a 
greenstone,  and  supposes  that  the  granite  (eleolite  syenite) 
underlies  it.  In  speaking  of  the  western  mountain  he  says, 
"^'  at  one  point  the  greenstone  and  gneiss,  except  a  very  small 
portion  ot  the  latter,  (and  the  quantity  at  first  appears  to  be 
unusually  limited),  have  been  so  far  denuded  as  to  expose  the 
granite  almost  to  the  top  of  the  mountain  for  half  a  mile  in 
length.  Large  areas  of  it  are  exposed  without  a  shrub  or  tree.'* 
By  the  term  greenstone  Powell  evidently  intends  to  express 
the  somewhat  porphyritic  character  of  the  blue  granite  (pulaskite); 
■and  the  gneiss,  which  he  mentions,  must  be  considered  as  a 
somewhat  laminated  form  of  the  eleolite  syenite. 

In  describing  the  rock  which  he  calls  granite,  Powell  writes, 
**  The  most  of  this  granite  is  of  the  feldspathic  variety.  In  some 
places  blocks  of  feldspar,  of  a  beautifully  foliated  structure  and 

*  Am.  Jour.  Sci.,  Series  1,  Vol.  III.,  1821,  pp.  15-47. 

t  Geological  Report  upon  Fourche  Cove,  etc.,  1842,  pp.  6-11. 
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^shining  lustre,  six  or  eight  inches  long  by  three  wide,  are  to  be 
seen  in  the  face  of  the  weathered  surface.  Much  of  its  mica  is 
^crystallized  in  hexaedral  prisms ;  it  is  without  quartz,  but  its 
place  is  apparently  occupied  by  dolomite  or  magnesian  car- 
bonate of  lime.*' 

Powell  describes  a  ^'globular  granite/'  which  occurs  in  a 
'very  decomposable  granite,  as  its  gangue,  and  says  of  it,  that  the 
feldspar  appears  to  be  in  fine  grains  and  arranged  in  regular  forms, 
and  that  its  faces  are  covered  with  copper  colored  mica  of 
a  rich  velvet-like  lustre.  The  location  which  he  gives  for  this 
on  his  sketch  map  would  indicate  that  it  occurs  at  the  southeast 
•corner  of  the  mountain,  but  the  writer  has  not  been  able  to  find 
it  in  place.  He  has,  however,  seen  a  specimen  of  it,  which  was 
sent  by  Powell  to  the  National  Museum,  and  finds  it  to  be  much 
^is  described,  although  it  is  so  weathered  that  little  can  be  made 
out  concerning  it. 

Powell  mentions  a  dark  colored  granite  from  the  north- 
western end  of  the  east  mountain,  which  occurs  in  several  places 
^nd  is,  according  to  him,  the  most  perfect  granite  in  the  region. 
He  states  that  it  contains  all  the  elements  of  granite,  and 
-occasional  crystals  of  tourmaline  and  sphene.  He  adds  that  it 
is  very  tough  and  hard,  and  appeara  from  its  position  to  be 
jrounger  than  the  other  formations. 

Near  this  he  found  a  line  of  '^  lozen  or  bisquit  shaped  masses'' 
of  hornblende  granite  *  extending  for  half  a  mile  or  more. 
In  a  footnote  he  states  that  this,  like  many  of  the  others, 
is  a  quartzless  variety  of  granite.  He  mentions  the  fact  that 
this  same  took  appears  in  the  midst  of  the  ^'hornblende  rock^" 
(fourchite),  and  that  a  dike  of  it  six  inches  wide  is  seen  cutting 
them.  Also  that  it  appears  in  the  flat  at  the  top  of  the  west 
mountain  between  the  granite  and  the  ^'hornblende  rocks." 

Powell   states   it    as    his    opinion    that    the     greenstones 
•(pnlaskite)  were  formed  immediately  after  the  granites  (eleolite 
syenite),  because  one  passes  imperceptibly  into  the  other.     Of 
the  greenstones  (pulaskite)  he  says,  "They  are  generally  highly 

*  QaarU  syenite. 
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crystalline  in  their  structure^  so  much  so  as  to  merit  the  appeK 
lation  of  syenitic  or  trachytic.*' 

Under  the  name  comean,  which  he  takes  from  De  la  Beche'8> 
geology  of  Pembrokeshire,  but  by  which,  he  states,  he  does  not 
wish  to  suggest  any  relation  or  similarity  between  the  rocks  that 
he  describes  and  those  of  that  author,  Powell  describes  what  he 
considers  to  be  the  intermediate  stages  in  the  transition  of  the* 
greenstones  into  basalt.     He  adds  that  some  of  them  are  partly 
stratified,  while  others  are  almost  perfect  hornstones.     He  divides, 
them  into  quartzose,  feldspathic  and  hornblendic  corneans,  and 
says  that  they  both  precede  and  follow  the  basalts,  but  that  those 
which  follow  are  the  more  imperfect,  and  are  finally  lost  in  clay- 
stone.     This  gradual   transition,  he  states,  does  not  take  place 
inside  of  the  Cove  but  on  the  eastern  side  of  the  east  mountain.. 
He  gives,  however,  as  a  locality  for  corneans  of   various  kinds  a 
point  not  far  from  the  base  of  the  east  mountain  on  the  inside  or 
the  Cove.     It  seems  probable  from  Powell's  description  that  he 
includes  under  this   name   the   metamorphosed   and    hardened 
shales   found  inside  the   Cove,  and   the  porphyries  and  meta- 
morphosed  rocks  found  at  the  southeast  corner  of  the  regioa 
(see  page  25).    At  the  point  where  the  great  mass  of  basaltic  rock 
occurs  at  the  south  end  of  the  Cove,  Powell  found  no  such  tran- 
sitions,  but   states  that  the  basalt  (fourcbite)  is  superimposed 
upon  the  greenstone  (pulaskite),  and  abuts  against  it.     He  men- 
tions several  varieties  of  basalt  (fourchite),  which  he  considers, 
local   variations  of  one  and   the   same  rock.     He  describes  a 
smooth,  dense,  greenish  rock  as  one  limit,  and  the  coarse-grained 
hornblende   rock  as   the   other,  and  states  that  they  are  both 
basaltic  in  their  characteristics.     After  these  rocks  he  describee- 
kaolin  and  bauxite,  without  discovering  the  true  nature  of  the 
latter,  but  says*nothing  more  about  the  crystalline  rocks. 

Owen. — D.  D.  Owen,  in  his  report,*  describes  granite  from 
the  northwest  side  of  Allis  Mountain  (E,  i  of  N.  E.  i  of  sec.  28^ 
1  N.,  12  W.)  as  follows :  **  This  granite  is  eminently  feldspathic, 
the  feldspar  containing  both  soda  and  potash,  though  it  has  the 
white  color,  lustre  and  cleavage  of  cleavlandite.    The  quartz  is- 

^  Second  Beport  of  a  G«olo|^cal  BoooDDoiManoe  of  Arkaiuu,  IMO,  p.  f8. 
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pale  gray;  a  few  crystals  of  hornblende  are  disseminated  with 
occasional  flakes  of  black  mica.  This  rock  might  perhaps  be 
called  a  granite-syenite,  but  the  proportion  of  hornblende  and 
mica  is  so  small  that  it  is  better  designated  as  a  feldspathic 
f;ranite,  '* 

The  basaltic  rock  on  the  west  mountain  is  described  as  a 
^'  very  ponderous,  black,  porphyritic  basalt,  composed  chiefly 
of  augite,  with  large  interbedded  crystals  of  jet-black  augite. " 
Owen  describes  also  a  compact  basalt  from  the  same  region.  On 
the  southeast  slope  of  the  Ermentraudt  Mountain  the  rock  is 
described  as  being  more  porphyritic  in  character  and  as  contain- 
ing more  black  mica. 

Shepard.-^C  U.  Shepard  published  in  the  article  already 
•quoted*  a  list  of  rocks  from  Arkansas,  which  were  sent  to  him 
by  the  Rev.  E,  B.  Beadle  of  New  Orleans,  Among  them  were 
two  specimens  from  Fourche  Cove.  They  are  described  as 
follows  :— 

a.  ^'Gray  granite  (without  quartz)  with  black  mica  in 
«mall  scales,  imparting  to  the  rock  the  aspect  of  a  sienite.  It 
<;ontains  everywhere  diffused  through  its  mass  minute  hyacinth- 
red  crystals,!  having  the  hardness  of  monazite.  From  Fourche 
Cove,  Pulaski  County.    Sec.  84, 1  N.,  12  W. " 

b.  *^  From  same  place  (Sec.  33,  1  N.,  12  W.)  a  coarse 
amygdaloidal  basalt,  containing  thickly  implanted  crystals  of 
.grayish  black  pyroxene,  above  an  inch  in  length  and  much  re- 
sembling those  found  at  Aussig  in  Bohemia.  '^ 

Harvey. — F.  L.  Harvey  in  his  "  Minerals  and  Bocks  of 
Arkansas,^'  describes  the  following  rocks  from  Fourche  Cove. 
He  says  (page  31)  :  — 

^'  Granite. — Composed  of  quartz,  feldspar  and  mica.  These 
ingredients  differ  in  relative  quantity,  color  and  size  of  the 
-crystals,  giving  a  great  number  of  varieties.  Typical  granite 
occurs  in  Fourche  Cove,  Saline  county  and  Magnet  Cove.  The 
following  varieties  are  also   found  in  Arkansas.     Hornblendio 

•  Am.  Jour.  Sci.,  Series  2,  Vol.  VII.,  1846,  p.  258  (foot  note). 

t  Theie  are  probablj  some  of  the  red  colored  tltanite  crjstala  which  occur  in  luch 
large  numbers  in  thia  rock. 
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Granite,  having  a  small  quantity  of  hornblende  with  quartz,  feld- 
spar, and  mica  occur  in  Fourche  Cove.  Might  be  called  granitio^ 
syenite.  '^ 

"  Porphyritic  Granite. — Porphyry  is  any  fine-grained  feld- 
spathic  rock  containing  large  crystals  of  feldspar.  Occurs  in 
Saline  county,  Fourche  Cove,  Magnet  Cove  and  Pike  county.  '* 

"  Feldspathic  Granite. — Contains  a  preponderance  of  feld- 
spar and  occurs  at  Fourche  Cove,  Pulaski  county.  This  ha& 
been  used  to  make  an  inferior  millstone. '' 

"  Trachyte. — A  rock  consisting  mainly  of  feldspar,  and  con- 
taining crystals.  Breaks  with  a  rough  fracture.  Gray  Trachyte 
occurs  in  Fourche  Cove,  and  from  the  weathering  of  it  kaolin 
beds  have  been  formed.  '^ 

"  Hornblende  Rock. — *  *  *  There  is  at  Fourche  Cove- 
a  grayish  rock,  composed  of  Augite  and  Labrador  feldspar. " 

"  Doleryte  (Trap.  Basalt). — Basalt  occurs  at  Fourche  Cove* 
as  a  compact,  close-grained  augitic  rock,  porphyritic  basalt  and 
ferruginous  trap.  ^' 

He  closes  his  paper  by  saying,  "The  syenitic-granites  of 
central  Arkansas  are  fined  grained ;  even  in  texture,  contaia 
but  little  mica  and  hornblende,  and  rather  too  much  feldspar.. 
They,  however,  make  a  good  stone  for  bridge  work  and  buildings*. 
Vast  quantities  of  good  granite  occur  in  Fourche  Cove,  Saline 
county,  and  Magnet  Cove. '' 

ComatocL — T.  B.  Comstock,  in  the  report  of  the  Geological 
Survey  of  Arkansas,  refers  to  the  present  report  for  a  full  de- 
scription of  the  igneous  rocks,  but  mentions  (page  11)  the  occur-^ 
rence  of  two  varieties  of  porphyritic  rock,  viz. :  "  Porphyry^ 
basic  (iron-bearing  minerals),  basaltic  thinning  northeast.  Por- 
phyry (siliceous)  felsitic,  etc.,  thinning  southwest.^'  He  also 
mentions  ''massive  igneous  rocks ^'  as  forming  the  main  portioa 
of  the  ridge  of  Fourche  Mountain. 

Day, — David  T.  Day  in  the  Mineral  Resources  of  the 

United  States  for  1888  (loc.  cit.  p.  537)  writes  as  foUowa 

regarding  the  Fourche  Mountain  syenite  :     "  The  granite  ia 

properly  a  syenite,  and  is  known  as  the  Fourche  Mountain 

*  granite  of  Arkansas.      The  following  is  an  analysis  of  thia 
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granite  made  under  the  direction  of  Dr.  John  C.  Branner^ 
State  Geologist  *:  — 

Analysis  of  Fourche  MourUain  granite^  Arkansas, 

Silica 60.03 

Ferric  oxide 4.01 

Ferrous  oxide „ » 0.75 

Alumina , „ 20.76 

Lime ». „....  2.62 

Magnesia 0.60 

Phosphoric  acid ^  0.07 

Potash „ .«..« 6.48 

Soda 6.96 

Manganew « ^ Trace 

Water  at  110°-115°  C 0.06 

Loss  on  ignition 0.58 


Total 101.07 

^^  This  granite  is  well  adapted  not  only  for  building 
stone,  but  more  especially  for  monumental  work.  Although 
the  operations  of  this  company  (Arkansas  Granite  Com- 
pany) are  of  such  recent  date,  the  amount  of  business  already^ 
done  by  it  is  quite  considerable.  It  was  awarded  the  con- 
tracts for  furnishing  paving  blocks  to  the  cities  of  Memphis 
and  Louisville  for  the  year  1889.'^ 

II.        PETROGRAPHIC    DESCKIPTION    OP     THE    8YENITIC    BOCKS.. 

A.    Blue  Branite  (Pulaskite). 

As  may  be  seen  from  the  preceeding  chapter  the  main* 
ridges  of  the  Fourche  Mountain  region  are  made  up 
of  the  so-called  '*  Blue.  Granite/'  the  stone  most  used  a8> 
a  building  and  paving  stone. 

a.     Physical  Properties^ 

Structure. — When    raacroscopically   examined,   the   first- 
thing  whicb  strikes  the  eye  is  the  peculiar  semi-porphyritic 
appearance  of  the   rock.     The  feldspar  crystals  stand  out 
conspicuously   on  account  of  their  highly  perfect  cleavage-- 
planes  and  the  light  reflected  from  them.     When  they  have 

«  R.  N.  Brackett,  anal}  st. 
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any  distinct  crystal  form,  they  appear,  for  the  most  part,  to 
be  tabular  parallel  to  the  cliDopinacoid  (010),  and  to  give  a 
general  trachytoidal  appearance  to  the  rock.  The  crystals 
are  not  usually  sharply  defined,  but  show  a  rough  surface, 
due  to  the  early  formation  of  crystals  of  a  second  generation. 
Occasionally  a  flake  of  dark  mica  or  portion  of  a  crystal  of 
hornblende  or  augite  is  visible,  but  in  general  the  basic 
eilicates  are  not  conspicuous.  In  the  spaces  not  occupied  by 
the  large  feldspars,  a  mass  of  finer  grained  material  appears, 
which  shows  minute  reflecting  surfaces,  indicating  that  it  is 
made  up  of  small  feldspars  of  a  second  generation.  See  plate 
1  (frontispiece). 

Color, — The  color  varies  between  wide  limits,  in  some 
cases  being  a  dark  bluish-gray,  while  in  other  localities  the 
rock  is  light  gray  (not  the  "gray  granite^'),  but  still  retains 
something  of  the  bluish  tinge.  The  color  depends  upon  that 
of  the  feldspar,  and  is  not  due,  as  might  be  supposed  to  an 
admixture  of  dark  colored  minerals  in  varying  proportions. 

Jointing, — The  fact  that  the  sides  of  the  mountain  are 
covered  with  comparatively  small  blocks  of  this  rock,  and 
that  ledges  appear  only  occasionally,  and  then  generally 
near  the  tops  of  the  ridges,  indicates  that  the  rock  on 
weathering  has  broken  up  iuto  sharp  cornered  blocks  which 
even  after  long  exposure  still  retain  their  angular  form. 
These  have  rolled  down  the  sides  of  the  hill  and  compose 
the  extensive  talus,  which  is  so  characteristic  of  these  ridges 
(plate  5 ).  As  would  be  expected  from  this  easy  separa- 
tion into  blocks  the  surface  rock  is  usually  found  to  be 
unsound  for  some  distance  down,  so  that  where  such  surface 
material  is  used  great  care  must  be  exercised  in  selecting 
blocks  for  dimension  work.  As  the  quarries  are  pushed 
deeper  into  the  hill,  the  stone  becomes  more  solid,  and  by 
the  time  that  a  considerable  depth  has  been  reached,  the 
material  is  found  to  be  satisfactory  for  large  dimension 
stones.  (See  plate  7  showing  stone  quarried  from  the 
Fourche  Mountain  granite  quarry). 

Hardness, — By  hardness  is  to  be    understood  not  the 
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strength  as  determiQed  by  compression^  but  the  resistance 
to  wear.  This  is  a  subject  to  which  very  little  attention  has 
been  paid^  and  one  upon  which  it  is  very  hard  to  obtain  any 
xlata.  The  writer  has  endeavored  to  obtain  some  facts 
which  might  be  used  as  a  basis  for  comparison,  and  to  this 
^nd  letters,  in  which  were  enclosed  a  list  of  questions,  were 
«ent  to  many  prominent  granite  quarries  in  the  country. 

It  was  thought,  that  in  order  to  arrive  at  numerically 
comparable  results,  the  following  points  should  be  taken 
into  consideration,  and  that  they  would  give  some  idea  as  to 
relative  resistance  to  abrasion  or  the  hardness  of  the  rock. 
These  considerations  are  as  follows :  — 

1st.    The  rate  of  penetration  of  a  drill  of  given  diameter. 

2d.  The  distance  to  which  such  a  drill  will  penetrate 
without  being  sharpened. 

^d.  The  amount  of  surface  of  stone,  which  can  be 
dressed  down  from  a  rough  pointed  to  a  bush- 
hammered  surface  in  a  given  space  of  time. 

4th.  The  depth  to  which  a  sand  wheel  will  cut  away 
a  square  foot  of  surface  in  a  given  time. 

There  are,  however,  many  secondary  considerations 
"which  should  be  taken  into  account  in  comparing  such  facts, 
but  for  which  no  standard  of  comparison  can  be  obtained. 
'Thus,  for  example,  the  nationality  of  the  turners  and 
strikers,  the  portion  of  the  country  in  which  the  quarry  is 
located,  and  the  conditions  under  which  the  men  work,  have 
great  influence  upon  the  distance  penetrated  per  hour  by  the 
<lrills.  The  quality  of  the  steel  in  the  drill  used  and  the 
degree  of  temper  are  important  points  in  regard  to  the 
distance  penetrated  before  sharpening  is  required.  The 
amount  of  stone  cqt  away  with  a  bush-hammer  or  peen- 
hammer  in  a  given  time,  is  perhaps  more  than  all  the  others, 
dependent  upon  the  skill  and  diligence  of  the  workman. 

On  account  of  the  various  kinds  of  abrasive  materials 
Tised  at  the  present  time  to  replace  sand  no  satisfactory  results 
•could  be  obtained  regarding  the  rate  of  cutting  of  a  sand 
"wheel.     In  some  cases  Tilghman's  chilled  shot  is  used,  while 
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other  granite  workers  employ  the  Pittsburgh  Crashed  Steeih 
Company's  patent  crashed  steel. 

Thas  it  appears  that  although  no  very  sharp  distinctions 
can  be  anticipated,  it  may  be  possible  to  draw  some  con- 
clusions regarding  relative  hardness^  which  are  of  interests 
The  deductions  drawn  from  the  answers  sent  by  the  varioas. 
granite  firms  who  have  seen  fit  to  reply  to  the  questioDEk 
sent  to  them,  and  whose  answers  were  of  such  a  character- 
that  they  could  be  made  comparable  with  the  others  ara 
given  in  tabular  form  on  page  43. 

From  this  tabulation   it  will  be  seen  that  the  blue  granite 
from  Fourohe  Mouatain  is  in  general  harder  than  most   trne 
granites  from  other  parts  of  the  country.     This  is  due  to    its. 
compactness  and  to  its  almost  complete  lack  of  porosity,  as  shown 
by  its  low  degree  of  absorptiveness.     Although  the  hardness  of 
quartz  (T),  which  is  a  constant  constituent  of  all  true  granites^  is 
greater  than  that  of  feldspar  (6),  it  is  at  the  same  time  more 
brittle,  and  is  consequently  chipped  away  more  rapidly  by  the 
pounding  of  the  drill.     The  mineral  eleolite  is  somewhat  softer- 
than  the  feldspar,  so  that  in  rocks  in  which  the  former  is  present, 
in  large  quantities,  the  hardness  is  less  than  in  those  where  it  ia. 
wanting.     The  syenite  of  the  Diamond  Jo   quarry  at  Magnet 
Cove,  Arkansas  contains  large  quantities  of  eleolite  and  is  con- 
sequently not  as  hard  as  the  blue  granite  (pulaskiie)  of  Fourcfae^ 
Mountain. 

Strength. — The  strength  or  resistance   to  crushing  of  the 
blue  granite  (pulaskite)  is  very  great,  and  as  is  shown  by  the- 
tests  given  below  it  is  considerably  stronger   than    any    trne 
granite  yet  tested.     In  order  to  ])rove  this  a  number  of  com*- 
pression  tests   were  made  upon   blocks  cut  from  blue  granite 
(pulaskite)   of   various  shades  of  color.^    These    blocks    were 
so  cut  as  to  give  as  nearly  as  possible  one  and  a  half  square 
inches  of  bearing  surface.     In  order   to  reduce   as   much   as- 
possible  the  effect  of  the  jar  of  dressing  upon  the  rock,  the  blocks 
were  sawed   from   hammer-broken   specimens  three  inches   or^ 
more  on  an  edge.    They  were  sand-rubbed  on  all  sides,  but  not. 
polished.     Before    being    broken,   they  were    measured    on   a. 
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Tabu  ofrtlatiw  hardneaa. 
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micrometer  and  were  carefully  examined  to  be  sure  that  no 
^aws  or  cracks  existed,  which  might  influence  the  results. 

The  blocks  were  bedded  upon  book-binders'  board  in  order 
to  give  a  good  bearing  surface  and  to  equalize  the  pressure.  ^ 

The  tests  were  made  upon  a  50,000  pound  (Tinius  Olsen) 
testing  machine  at  the  Rensselaer  Polytechnic  Institute  in  Troy, 
New  York;  the  machine  was  kindly  loaned  for  the  purpose  by  P. 
O.  Ricketts,  C.  E.,  Professor  of  Rational  and  Technical  Mechanics 
at  that  institution. 

The  following  list  is  arranged  according  to  the  color  of  the 
specimens  tested;  the  lightest  coming  first  and  the  darker 
varieties  following  in  their  order,  f 

Table  of  Comp7*ession  Teats  of  '*  Blue  GraniteJ^ 


Color. 

Areaof  Sarfaoein 
square  inches. 

Actual     crushing 
load  io  lbs. 

Pressure  in    ibe. 
per  square  inch. 

Reduced  to  oorret- 
pond  to  preasuil) 
persq.  in.on2io. 
cubes  (X)  ^n  lbs. 
per  square  inch. 

I 

Light  blue 

1.64 
1.07 
1.57 
1.50 
1.57 

47,000 
22.800 
85,950 
43.500 
44,900 

28,700 
21,500 
22,900 
29.000 
27,900 

88,280 

2 
8 

4 
5 

Slightly  darker.... 
Slightly  darker.... 

Medium  blue 

Very  dark  blue 

26,820 
26,745 
84,950 
82,680 

Mean 

26,000 

80,900 

These  blocks  all  broke  without  cracking.  '  They  exploded 
with  great  force,  and  those  which  stood  the  highest  pressure  tore 
the  book-binders'  board   completely  to  pieces  when  they  broke, 

<■  For  tbe  use  of  this  material  see  "  Tests  of  Rutland  and  Washington  County  Slatts'* 
-by  J.  Francis  Williams ,  Van  Nostrand's  Eog.  Mag.,  No.  CLXXXYIII..  New  York,  1884,  pp 
101-103. 

t  This  list,  iucluding  several  other  rocks  to  be  mentioned  later,  was  published  in  th« 
Railroad  and  Eogineeriug  Journal,  Vol.  LXV.,  1891,  p.  13,  under  the  title  of  *'  Tests  of  Some 
Arkansas  Syenites." 

X  Q-  A.  Giilmore  in  his  report  on  Compressive  Strength,  etc.,  of  building  stones  of  th« 

U.  S.    Appendix  II.,  of  annual  report  of  Chief  of  Engineers  for  1875,  Washington,  1875,  states 

-^hat  the  resistance  to  compression  per  square  inch  of  bed  surface  in  cubes  of  difiereni  dl-' 

mensions  varies  as  the  half-ordioates  of  a  cubic  pantbola.  

The  reduction,  therefore,  may  be  accomplished  by  applying  the  formula  V'^-A^ap, 


^where : 


y— pressure  per  square  inch  in  block  of  required  size. 
i>-length  of  edge  of  block  required  in  terms  of  edge  of  block  tested. 
j>— crushing  strength  expressed  in  pounds  per  square  inch,  as  obtained  from  tht 
block  tested. 
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showing  with  what  great  velocity  the  partiotes  of  the  atone  were 
forced  apart. 

The  specimenB  tested  had  approximately  the  aim  and  8p- 
pearanoe  ahown  in  the  accompanying  cats.  The  bloohB  arOr 
drawn  in  ohliqne  projection. 


After  the  crashing  two  paraboloids  (?),  similar  to  those- 
shown  in  Fig.  2,  aenalty  remained  point  to  point  as  indicated^ 
and  the  material  which  made  ap  the  rest  of  the  block  was  gen- 
erally reduced  to  powder,  or  broken  into  thin  splinters  and 
wedges. 

The  specimens  from  which  these  blocks  were  cut  were  taken- 
from  the  Tarious<quarriea  on  Fourohe  Mountain,  but  as  some  of 
the  pieces  were  more  weathered  than  others,  and  as  some  were 
subjected  to  more  jar  in  preparing  them  than  the  rest  were,  it. 
seems  best  not  to  indicate  the  exact  localities  where  the  several 
specimens  were  obtained,  lest  such  a  statement  should  lead  to. 
unwarranted  disoriminationa. 

It  will  be  seen  by  comparing  the  results  of  these  experi- 
ments with  those  obtained  by  Gillmore  (loc.  cit.),  that  the  com- 
pressive strengths  are  much  higher  than  those  of  any  of' 
the  granites  given  in  his  table.  A  list  of  some  of  the  more  im- 
portant granites  of  the  country,  as  taken  from  Gillmore's  report^ 
is  given  below.  It  shows  that  the  Fonrche  Mountain  bine 
granite  (palaakite)  is  much  superior  to  any  of  them  ii^ 
strength. 
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Compression  tests  of  Syenite  and  Granite. 


LOCAUTY. 


I  • 

o  »  v 
a  a  a 


Fourcbe  MoanUio,  Ark.  (highest  test)^.. 
Fourche  Mountain,  Ark.  (mean  of  5  t«8ta). 

St.  Cloud,  Minn,  (highest  test) 

Pompton,  N.  J 

Mystic  Bi?er,  Conn 

Staten  Island.  N.  Y 

Maine  (highest  in  state)..^ 

Richmond,  Ya ^ 

Huron  IsUnd,  Mich 

Westerly,  R.  I 

Quincy..  Masi 

St.  Cloud,  Minn » „.... 

Bay  of  Fundy,  Canada 

Average  of  82  tests 


84,190 

80,740 

38.000«' 

24,040 

22,250 

22.260 

22,125 

21,250 

18,125 

17,750 

17,750 

17,000 

12,020 

15,700 


In  the  case  of  dimension  stones  it  is  seldom  that  a  crushing 
strength  of  over  15,000  pounds  per  square  inch  is  required.f 
Builders  seldom  place  a  stone  where  it  will  be  obliged  to  stand 
a  pressure  of  more  than  one  tenth  of  that  which  it  stoodat  its 
test^  and  as  the  maximum  pressure  at  the  base  of  the  Washing* 
ton  monument^  is  but  25.377  tons  (of  2^000  lbs.)  per  square  foot, 
or  342.4  lbs.  per  square  inch,  this  is  by  no  means  a  difficult 
matter,  as  almost  any  compact  stone,  no  matter  of  what  material, 
will  stand  over  3,000  lbs.  pressure  per  square  inch.  In  the  case  of 
arches,  where  the  pressure  in  the  ring-stones  is  very  great  these 
are  ofken  cracked  and  it  is  probable  that  the  great  pressure  com- 

«  The  test  of  the  St.  Clond.  Minn.,  gray  hornblendic  granite  (syenite  of  Winohell)  ii  taken 
from '*  Geology  of  Minnesota,  Vol.  I.  of  Final  Report,  Chapter  III.  Building  Stones  of  Mio* 
tiesoU,  by  N.  H.  Winchell,  Minneapolis,  Minn.,  1884,"  pp.  196-197. 

t"  Building  Stone  in  New  York**  by  John  C.  Smock:  Bulletin  of  New  York  SUto 
Museum,  Albany,  1890,  p.  855;  also  G.  P.  Merrill:  Report,  Smithsonian  Institution,  1885-1886, 
Part  II.,  p.  490. 

X  Tenth  Census  of  the  U.  S.,  Vol.  X.,  p.  859. 
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^ined  with  an  unequal  distribution  over  the  surface  accounts  for  it. 
In  large  buildings  single  columns  and  blocks  of  stone  are  often 
required  to  carry  huge  masses  of  superstructure.  Single  blocks 
^f  stone  &re  used  in  supporting  the  ends  of  bridge  trusses  and 
girders,  where  the  pressure  is  undistributed.  In  such  cases  and 
for  such  purposes  as  these  no  better  stone  can  be  desired  than 
the  Fourche  Mountain  granite. 

Abaorptiveness, — By  absorptiveness  is  understood  the  ca- 
pacity of  the  stone  to  take  up  or  absorb  water.  N.  H.  Winchell 
in  his  report  on  the  building  stone  of  Minnesota  (loc.  cit.,  pp. 
185-186)  minutely  describes  a  method  for  determining  the  ab- 
sorption of  water  from  the  air,  and  another  similar  one  for  the 
absorption  of  water,  when  the  stone  is  immersed  in  it.  In  the 
case  of  the  blue  granite,  the  amount  of  water  absorbed  by  the 
immersed  stone  was  so  Hmall  that  it  was  evident  that  there  would 
be  no  use  of  making  tests  upon  the  absorptiveness  in  air.  The 
method  of  determination  here  adopted  is  virtually  that  described 
by  Winchell,  but  which  was  first  suggested  by  Gillmore  in  his 
report  on  building  stone  (loc.  cit.,  p.  8).  The  process  may  be 
"described  as  follows  : — 

A  piece  of  rock  weighing  from  30  to  60  grams  (ca.  1  to  2 
ounces),  which  has  been  rounded  and  smoothed  until  no  sharp 
-corners  nor  deep  depressions  remain;  in  fact  until  it  becomes 
what  is  generally  designated  as  "  waterworn, "  was  weighed  in 
the  air.  It  was  next  immersed  in  water  and  allowed  to  remain 
twenty-four  hours  and  was  then  removed,  dried  externally  with 
a  piece  of  filter  paper  and  weighed  again.  It  was  then  again 
immersed  and  after  another  day  reweighed,  and  in  case  the  dif- 
ference between  the  two  weights  was  not  very  great,*  this  second 
weight  was  taken  as  that  of  the  stone  saturated  with  water. 

The  absorptiveness  is  expressed  in  figures,  by  giving  the 
number  of  parts  by  weight  of  stone,  which  are  required  to  absorb 
one  part  by  weight  of  water.  This  is  called  the  ratio  of  abaorp' 
iion,  and  is  as  follows  for  the  blue  granite  (pulaskite),  from 
Fourche  mountain  and  for  several  true  granites  from  other  places. 

*  If  the  differeace  was  large  tlie  itone  was  again  immersed  and  weighed  again  after 
another  daj,  and  ao  on  antll  an  approximatelj  constant  weight  was  obtained. 
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7^062^  of  absorptiveneaa. 


LOCALITY  AND  VARIETY. 


Fourche  Mountain,  Ark.,  (Medlam  "blue  granite"). 

Fourche  Mountain,  Ark.,  (Dark  "blue  granite") 

St.  Oloud,  Minn.,  (red) ^ « 

St  Cloud,  Minn.,  (gray) 

Richmond,  Va.. 

Niantic,  Conn. 

Staten  Island,  V.  Y.. 


Westerly,  R.  I.. 
Quincy,  Mass.... 
Fox  Island,  Me. 


RATIO  OF  ABSORPTION. 


1  to  1678 

1  to  4580 

1  to  212 

Traces  (prob.  not  better  than  1  to  600)  < 

1  to  848 

1  to  704 

In  all  of  these  the  absorption  Is  stated! 
to  be  too  small  to  be  observed  whil*- 
weighing  (Oillmore).    It  is  probable 
that  none  of  them  would  on  sos^ln^- 
abaorb  lets  than  t  to  2  or  8  thoaa> 
and  (J.  F.  W.) 


From  the  above  it  will  be  seen  that  the  absorptiveness  haa. 
been  determined  for  very  few  of  the  important  rocks  of  the^ 
country  and  for  the  most  part  only  for  those  whose  ratio  of 
absorption  is  comparatively  large. 

If  the  Fourche  Mountain  blue  granite  had  been  determined, 
in  the  the  same  way  th^t  the  others   were  (i.  e.,  only  allowing 
them  to  soak  a  few  minutes)  the  absorption  of  water  would  have 
been  absolutely  imperceptible.     Of  the  two  rocks  from  Fourche- 
Mountain,  the  darker  one  is  evidently  the  less  absorptive,  for  it. 
takes  4530  parts  of  it  by  weight  to   absorb  one  part  of  water^. 
while  in  the  case  of  the  lighter  rock  only  1673  parts  are  required 
to  absorb  one  part  of  water.     Either  of  these  ratios  indicates  a 
rock,  which  is  exceedingly  impervious  to  water,  and  one  in  which 
the  interstitial  spaces  are  very  small.     It  is  consequently  a  rook 
which  will  stand  well  in  a  moist  climate,  where  great  changes  of' 
temperature  are  frequent.     In  this  connection  it  may  be  stated^ 
that  much  of  the  disintegration  of  rock  is  due  to  the  alternate 
freezing  and  thawing  of  the  water  contained  in  the  pores  of  the 
rock.* 

*  *'R«>port  on  Building  Stones,"  1868,  by  James  Hall.  Reprinted  in  89th  annual  report 
of  New  York  State  Museum,  Albany,  K.  Y.,  1886,  pp.  86  and  37.  Since  this  article  was  flrst 
published  in  1868  bj  Prof.  Hail,  many  writers  hare  mentioned  this  subject,  thus  T.  Sterrj 
Hunt  states  :  "  Othf>r  things  be  n^:  equal,  it  may  probably  be  said  that  the  Talne  of  a  stone  for  • 
building  purposes  is  ioYArselya^  lis  por>»ity  or  absorbing  power,"  Chemical  Jind.  (Geological 
Essays  dt  T.  S.  Hunt,  Boston,  Mass.,  1876,  p.  164.  Among  the  other  articles  upon  this  aabjeot, 
the  following  may  be  mentioned  as  being  among  the  more  important : 

"Decay  of  the  Building  Stones  of  New  York  City"  by  Alex.  A.  Jalien  ;  Transactions  of  * 
N.  Y.  Academy  of  Sciences,  1878,  p.  67. 

Building  Stone  in  New  York,  by  John  C.  Smock;    Bulletin  of  the  New  York  Stat*  r 
Museum,  Vol.  II,  No.  10.,  Albany,  1890,  p.  878. 
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Some  experiments'^  have  been  made  upon  true  granites  with 
a  view  to  determining  practically  the  amount  of  action  which 
freezing  has  upon  the  rock,  but  in  no  case  have  the  experiments 
been  carried  on  long  enough  to  admit  of  any  general  deductions- 
being  drawa,  further  than  to  observe,  that  in  a  general  way  a 
disintegrating  action  takes  place. 

Almost  ail  authors  seem  agreed  upon  the  fact  that  in  porous, 
coarse-grained  granites  with  large  interstitial  spaces,  the  action 
of  irost  is  greater  than  in  fine-grained,  compact  rocks.f 

Specific  gravity  and  weight  per  cubic  foot. — One  of  the  most 
important  matters  in  connection  with  the  usefulness  of  a  building 
stone,  is  its  weight  per  unit  of  volume.  This  is  expressed  scien  - 
tifically  by  means  of  its  specific  gravity,  that  is,  the  weight  of 
any  volume  of  it  whatever,  when  compared  with  the  weight  of 
an  equaJl  volume  of  waf«r  at  60^  F.  (15.5^  C),  taken  as  a  unit. 
For  practical  purposes  the  absolute  weight  of  a  cubic  foot  of 
stone,  expressed  in  pounds  is  more  convenient.  The  weight  per 
cubic  foot  may  be  obtained  approximately  from  the  specific 
gravity,  by  multiplying  the  latter  by  62^,  the  weight  in  pounds 
of  a  cubic  foot  of  water  at  60°  F.  (15.5°  C). 

Another  common  expression  for  the  weight  of  stone,  is 
the  number  of  cubic  feet  contained  in  a  ton  (2000  lbs.)  and  is 
obtained  by  dividing  the  number  2000  by  the  weight  of  a  cubic 
foot  of  stone  expressed  in  pounds.  In  the  following  list  are 
tabulated  the  strength  per  square  inch  in  two  inch  cubes,  specific 
gravity,  weight  per  cubic  foot,  and  number  of  cubic  feet  in  a  ton 
of  three  shades  of  the  ''blue  granite'^  from  Fourche  Mountain 
and  of  granites  from  other  localities,  chosen  on  account  of  the 
extremes  in  weight  and  strength  which  they  show. 

*  N.  H.  Winchell.  loc  clt.,  p.  186.    Experiments  bj  J.  A.  Dodge  of  the  University  of 
Mionesota. 

fN.  H.  Winchell  (loc  clt.,  p.  198)  makes  two  statements  in  regard  to  this  matter,  which 
at  first  sight  seem  somewhat  oontradictorj.  He  writes,  "  A  4tone  that  abtorh$  moUture  abund- 
aatl J  and  rapldlj  is  apt  to  be  injured  by  alternate  freezing  and  tbawiog."  And  in  the  next 
paragraph  he  states,  **  A  stone  that  is  compactly  and  fin^y  granular  will  exfoliate  by  freezing 
and  thawing  more  easily  than  one  that  is  coarse-grained."  In  the  latter  statement  he  eridently 
zefert  to  the  clayey*  close-grained,  granular  rocks  as  distinguished  from  the  crystalline  and 
fibrous  rocks,  since  in  the  next  sentence  he  states  that  the  former  disintegrate  much  mora 
rapidly  than  the  latter. 

4  Geological;  Vol.  ii.,  1890. 
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Tt^U  showing  relation  of  weight  to  strength  in  granitea. 


It  will  be  observed  that,  wbere  granites  haying  aboat 
the  aame  weight  as  the  Fourche  Mountain  rock  are  coneidered, 
they  have  very  much  less  strength,  and  wbere  the  strength 
approaches  that  of  the  Fourche  Moantain  rock,  they  increase 
very  much  in  weight. 

Effe<A  of  heat, — Specimens  of  blue  granite  (pulaskite) 
were  experimented  upon  with  regard  to  the  effect  of  beat  only  in 
a  very  crude  way.  The  various  specimens  were  auocessively 
placed  in  a  crucible  and  brought  to  a  red  beat  in  a  cmcible 
furnace  heated  by  gas,  and  the  following  effects  were  observed  : 

a.  Up  to  the  point  where  the  first  degree  of  redness  was 
observed,  no  alteration  in  the  stone  was  detected. 

b.  Up  to  a  low  red  heat,  tbe  stone  was  only  slightly  and 
superficially  injured.  When  rubbed  in  the  bands  after  having 
been  bo  heated  small  particles  of  feldspar  were  detached. 

c.  Up  to  a  bright  red  beat,  the  stone  showed  the  aame 
deterioration  as  mentioned  above,  but  in  a  greater  degree,  and 
in  addition  it  emitted  a  rasping,  hollow  sound,  when  rubbed  in 
the  bands,  showing  that  to  a  considerable  distance  below  the 

*  Aveng«  weight  pn  cubic  maUr  of  the  blue  fniDlte  li  26J»  Uloi. 
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surface  the  feldspar  crystals  had  become  cracked  and  separated. 
No  cracks  were  observed  in  the  stone  itself. 

It  is  probable  that  the  stone  stood  these  rather  severe  tests 
^U3  well,  if  not  better,  than  specimens  of  true  granite,  that  is 
granite  containing  quartz,  would  have  stood  them. 

The  most  complete  paper  upon  the  subject  of  the  effect  of 
beat  upon  granite  is  that  published  by  H.  A.  Cutting.  * 

Cutting  says :  "  When  the  specimens  were  heated  to  600 
degrees  Fah.,  I  have  immersed  them  in  water,  also  immersing 
others,  or  the  same  if  uninjured,  at  varying  temperatures  up  to 
^00  and  900  degrees,  that  is,  if  they  are  not  spoiled  at  less 
temperatures.^' 

On  page  4  he  remarks :  ^*  I  find  that  all  these  samples  of 
building  stones  (granites,  sandstones  and  limestones)  have  stood 
heat  without  damage  up  to  500  degress.  At  600  degrees  a  few 
are  injured ;  but  the  injury  in  many  cases  commences  at  or  near 
that  point.  When  cooled  without  immersion  they  appear  to  be 
injured  less,  but  are  ready  to  crumble,  and  I  think  they  are 
many  times  nearly  as  much  impaired,  and  always  somewhat 
injured  where  water  produces  any  injury." 

N.  H.  Winchell  in  his  work  on  the  building  stones  of  Min- 
nesota, already  cited,  gives  numerous  experiments  on  the  heat- 
ing of  granites  and  other  stones  (loc.  cit.,  p.  186). 

Recapitulation  of  results. — A  recapitulation  of  the  results  of 
the  foregoing  tests  may  be  given  in  a  few  words,  which  will 
«how  very  decidedly  the  great  value  of  the  Fourche  Mountain 
f^ranite  (pulaskite)  as  a  building  and  paving  material. 

1.  Its  strength  is  greater  than  that  of  any  known  granite. 

2.  Its  hardness,  or  resistance  to  wear  is  very  great,  and  as 
far  as  comparison  has  been  possible,  it  has  been  shown 
to  be  harder  than  any  true  granite. 

3.  Its  weight  is  less  than  that  of  most  true  granites,  and 

when  compared  with  that  of  granite  having  at  the  same 
time  great  strength,  it  is  found  to  be  less  than  that  of 
the  latter. 

■ ■     —  ■ ■  -  -      ■ .  ^^^^^^^^^^^^^^^ 

*  Notes  on  Buildiog  Stones,  abo  on  Plant  Growth,  by  Hiram  A.  Cutting,  A.  M., 
Ph.  D.,  State  Geologist,  Vermont,  Montpelier  Vt.,  1880.  This  was  also  published  in  the  state 
report  of  Vermont. 
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4.  Its  resistance  to  fire  is  considerable  and  is  probably 
greater  than  that  of  any  stone  containing  quartz. 

5^  Its  porosity  and  absorptivenees  are  very  small,  and 
amount  to  practically  nothing.  Hence  the  action  of 
frost  and  moisture  upon  it  will  be  reduced  to  a 
minimum. 

6.  On  account  of  its  lack  of  porosity,  and  the  uniformity 
of  its  mineralogic  composition,  the  action  of  acids  and 
corrosive  gases  upon  it  is  very  slight. 

7.  Its  resistance  to  weathering,  which  is  in  a  great  pari 
determined  by  Nos.  2,  5  and  6,  is  probably  very  great,, 
and  indeed  it  is  actually  shown  to  be  so,  by  the  sharp 
corners  and  sound  faces  of  the  rock,  which  for  centuri^ 
has  lain  on  the  side  of  the  mountain,  exposed  to  th» 
action  of  the  elements. 

8.  Its  color  is  extremely  pleasing,  and  as  the  amount  of 

iron  compounds  present  is  very  small  the  stone  doea 
not  easily  stain  or  change  color.  It  is  probable,  how- 
ever, that  in  time  the  dark  bluish  gray  color  will 
become  somewhat  lighter,  owing  to  the  fading  out  of 
the  blue-gray  feldspars. 

9.  Its  hardness  makes   the  drilling,   quarrying   and  the* 

dressing  of  the  stone  somewhat  more  difficult  than  ia 
the  case  with  true  granites,  but  this  is  offset,  in  a  great 
measure,  by  the  natural  planes  of  separation,  which  are- 
found  lying  at  nearly  right  angles  to  each  other  in  the- 
massive   rock,    and    which  are  so  distributed  as  to- 
fisicilitate  the  quarrying  of  the  rock   in  a  very  marked 
degree.  (See  plate  3,  p.  20). 
N.  H.  Winchell  (loc.  cit.,  p.  199)  prints  a  table  in  which 
he  gives  ^'credits'^  on  a  basis  of  ten  for  each  one  of  the  qualities 
of  a  rock  and  obtains  the  list  given  in  the  first  column  of  the 
following  table  for  the  granite  from  East  St.  Cloud,  Minn.^ 
The  second  column  of  the  following  table  contains  the  results  of 
the  tests  on  the  blue  granite  (pulaskite)  from  Fourche  Mountain* 


I 


*  TlM  qoallty  hat^dntu  waa  not  coniidertd  bj  Wlnohtll,  bat  hM  bMn  Intarlad  la 
the  t«ble»  which  ii  in  othtr  respects  (totml  tnd  ATtrigc  excepted)  ohe  giTce  it. 
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Table  showing  rdaJtive  qualities    of    Arkansas  and  Minnesota 

''Granites!' 


TESTS. 


r(bedd6d)^. 
-Cnuhiog  ttrengtb-J 

uon  edge)... 


■Ratio  of  absorption..... 
Absorption  of  moiature  in  7  weeks. 
Absorption  of  water  in  4  dajs 


Frost  8  weeks*  Tisible  eflbcts.. 


•••««•••••»••«••••••••••• 


XxMB  of  weigbt  bf  frost. 

Tisible  effisets  of  drj  beat  to  redn 
Visible  eflects  of  water  on  drj  stone.. 

■BfTect  of  carbonic  add  in  6  weeks 

Tisible  effects  of  corroding  Tapors.... 
Xx«s  of  weigbt  bf  corroding  Tapors 

Facilitf  of  dressing. 

fiardnees  .m.mmm —»•• 

Total  credits 

Bank  OB  seale  of  190..., 
Dolor 


••eeeeeeeM  »••••• 


B.  iSt.  (Hood, 
Minnesota  granite. 


10 
10 
10 
10 

8 
10 
10 
10 

5 
10 

9 
10 

8 

70 

124 
88.5 

Graf.* 


Pourcbe  Mountain, 
Ark.,  blue  granite  (pa< 
kite). 


No  bedding. 

lit 
11 

10 


10 


8 
10 
65 
91.1 

Blue. 


By  this  rating,  the  strength  and  absorptiveness  of  the  Ar- 
kansas rock  become  more  than  ten.  That  the  Little  Rock 
granite  stands  below  that  from  Minnesota  in  '*  facility  of  dress- 
ing'' may  be  assumed  from  the  statistics  received  from  the 
Ortonville,  Minnesota,  quarries,  the  stone  from  which  is  prob- 
ably very  similar  in  character  to  that  from  E.  St.  Cloud. 

The  low  rank  of  the  Fourche  Mountain  rock  in  ^'facility  of 
dressing''  is  offset  by  its  superior  ^^hardness/'  for  as  was  shown 
above,  these  two  properties  are  almost  complementary. 

Prof.  Winchell  states  that  as  far  as  the  true  relative  values 
of  rocks  for  practical  purposes  are  concerned  some  of  the  tests 
are  much  more  important  than  the  others.  Thus  the  resistance 
to  fire  and  the  absorption  of  moisture  from  the  air  are  less  im- 

*  Not  glTon  in  Winchell's  table. 

t  Although  not  matbematlcallf  allowable,  this  representing  of  certain  qualities  of  the 
Arkansas  rock  by  numbers  greater  than  10  gives  a  better  idea  of  the  relative  value  of  the  two 
vscks  than  could  othenriss  be  obtained. 
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portant  than  tbe  strength^  hardness  and  resistance  to  frost  aotioo^ 
It  would^  however^  be  very  difficult  to  construct  a  table  or  ratia 
which  would  express  these  relative  valu3S  correctly. 

Uses  of  blue  granite. — The  blue  granite  (pulaskite)  haa 
already  been  quarried  to  a  considerable  extent  both  as  a 
building  stone*  and  as  a  material  for  roads,  either  in  the  forok 
of  Belgian  blocks  for  streets  or  of  crushed  stone  for  maoadamic3d 
highways.  As  a  building  stone  it  has  been  used  very  largely  ia 
the  form  of  window-  and  door-sills,  window-caps,  water-tables^ 
stone  steps,  and  foundation  materials,  and  has  also  been  used  as 
the  principal  wall  stone  in  several  large  edifices. 

The  Pulaski  county  court-house  (plate  9)  on  the  comer  of 
Second  and  Spring  Streets,  Little  Rock,  is  built  above  the  base- 
ment of  blue  granite  (pulaskite)  trimmed  with  limestone.  Tbe 
basement  is  constructed  of  the  browa  granite-  (dike  rook)^ 
and  will  be  mentioned  later.  This  building  is  tasteful  and  the 
contrast  between  the  different  stones  used  in  its  construction  ia 
very  pleasing. 

The  Roman  Catholic  cathedral  on  the  corner  of  Seventh 
and  Louisiana  streets,  Little  Rock,  is  built  partly  of  the- 
blue  and  partly  of  the  brown  granite,  but  the  two  stones  are 
mingled  in  such  a  way,  as  to  give  a  somewhat  m  )ttled  appearance 
to  the  building.  It  is,  therefore,  not  as  handsome  a  building  aa 
would  have  been  produced  had  either  rock  been  used  alone. 

The  Dallas  County  court-house  in  Dallas,  Texas,  is  built  in 
part  of  the  blue  granite  of  Arkansas  and  is  already  so  far  com- 
pleted as  to  show  that  it  will  be  an  extremely  handsome  bnilding«> 
Several  other  buildings  in  Dallas  are  built   in  part  of  the  Ar- 
kansas stone. 

The  First  Methodist  Church  of  Memphis,  Tennessee^  ia 
built  mostly  of  the  blue  granite,  and  this  material  has  beea 
extensively  used  in  the  construction  of  a  large  brewery  in  the 
same  city. 

The  stone  appears  in  many  store  fronts,  retaining  walis^ 
bridge  piers  and  abutments  throughout  the  etate,  and  has  also 

opiate  8  shows  a  number  of  blocks  of  blue  granite  dressed  at  tbe  *' Fourche  Mountalik 
quarrj"  oirnod  by  ex-GoTernor  C.  C.  Bliss  of  Little  R  ick. 


^ 


LPULASKl  COUNTV  CIHKT  HOUSE.  Ill'll.T  OF  M.VK  i;KANlTK  iPULASKlTE). 
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been  much  used  for  such  minor  purposes  as  hitching  and   gate 
posts  and  mounting  blocks. 

Thousands  of  tons  of  this  rock  have  been  quarried  for  Bel- 
gian blocks^  and  have  been  shipped  to  many  of  the  neighboring 
cities,  as  Louisville,  Memphis,  etc.,  as  well  as  having  been  used 
in  Little  Rock  itself.  No  better  stone  can  be  conceived  of  for 
this  purpose,  for  it  fulfills  all  the  requirements,  that  are  made  of 
such  material.  It  is  strong  enough  to  withstand  any  blows  it 
may  receive  and  at  the  same  time  is  hard  enough  to  resist  the 
wear  to  which  it  may  be  subjected,  better  than  any  known  granite 
or  syenite.  It  does  not  become  smooth  and  slippery  under  con- 
tinual wear  as  paving  blocks  consisting  of  only  one  mineral  or 
of  very  fine-grained  constituents  are  known  to  do.* 

In  the  form  of  crushed  rock  for  the  foundation  of  macad- 
amized roads  this  rock  has  already  proved  itself  very  valuable. 
It  should,  however,  be  covered  with  a  layer  of  denser,  finer 
grained  stone,  like  trap  or  quartzite,  which  will  withstand  the 
pulverizing  action  of  the  wheels  longer  than  the  granular  '^syen- 
ite.'' The  blue  granite  is  quite  commonly  employed  as  curbing, 
but  it  is  so  hard  to  work  and  this  class  of  cut  stone  commands 
so  small  a  price  that  it  is  not  very  profitable  to  use  it  for  thia 
purpose. 

b.     Crystallographic,  Microscopic  and  Chemical  Investigation*. 

The  structure  of  the  blue  granite  (pulaskite)  may  be  de- 
scribed as  being  intermediate  between  hypidiomorphic 
granular  and  granitic  porphyritic,  inclining  in  some  speci- 
mens more  to  the  one  and  in  others  more  toward  the  other.. 
The  form  of  the  feldspar  crystals  gives  a  trachytic  (see- 
chap.  IV.  II.  C.  1)  appearance  to  the  rock. 

The  following  minerals  are  usually  found  in  every 
specimen  of  the  rock,  but  they  are  present  in  variable- 
quantities.  Especially  among  the  basic  silicates  is  thia 
particularly  noticeable  since  in  many  cases  one  of  them  pre- 
dominates to  the  almost  complete  exclusion  of  the  others. 

«  See  Census  Bulletin  No.  45  of  the  Eleventh  Census  of  the  United  States,  March,  1891^ 
page  28. 
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The  minerals  are  orthoclase  (kryptoperthite),  hornblende 
{arfvedsonite),  aagite  (diopside),  biotite,  eleolite,  sodalite 
(rare)y  titanite,  apatite,  etc. 

This  rock  corresponds  in  some  respects  to  the  third 
variety  of  augite  syenite  mentioned  by  Rosenbasch  (Mik. 
Physiog.  Band  II.,  p.  70)  and  described  by  Brogger* 
{Silur.  Etagen,  p.  266.)  Brogger  called  the  rock  which  he 
described  in  the  Silur.  Etagen  aagite  syenite,  but  in  his 
later  publication  he  gave  the  local  name  laurvikite  to  it 
(Syenitpegmatitgange,  p.  28.)  The  Norwegian  rock  is 
characterized  by  a  peculiar  form  of  feldspar,  which  does  not 
exist  in  the  Arkansas  rock,  and  hence  a  complete  similarity 
cannot  be  established  between  the  two  rocksf.  Ordinarily 
the  Arkansas  rock  is  much  richer  in  hornblende  (arfvedson- 
ite)  than  the  laurvikite  or  the  augite  syenites  in  general 
and  must  be  considered  as  a  trachitic  form  of  an  eleolitic 
hornblende  syenite.  Such  a  rock  has  not  as  yet  been  de- 
scribed and  the  writer  suggests  the  name  pulabkite — that 
of  PulaskiJ  county  in  which   the  city  of  Little  Bock  and 

*  W.  C.  Brogger,  now  Professor  of   MiDeralogy  aod  Geology  in  the  high  school  in  Stock- 

holm,  published  in  1882,  a  work  entitled  "  Die  silurischen  Etagen  2  and  3  im  Kristiaaiagebiet 

und  auf  Eker,  ihre  Gliederung,  Fossilien,  Schichtenstorungen  und  Oontactmetamorphosen 

Ton  W.  C.  Brogger,  Kristiania,  1882.  "    In  this   he  describes  especially  the  sedimentary  rocks 

and  their  fossils,  but  at  the  same  time  gives  a  short  description  of  the  igoeoas  rock  of  that 

region. 

In  1890  the  same  author  published  a  work  entitled  '*  Die  Mineralien   der  Syenlt- 

pegmatitgiinge  der  stidnorwegischen  Augit-  und  Xephelinsyenite  von  W.  C.  Br5gger  mit  zahl- 
reicheu  chemisch-analytischen  Beitr^en  von  P.  T.  Oleve  U.  A.,  Leipsig,  1890."  This  ap- 
peared as  the  six  teeoth  volume  of  the  Zeitschrift  far  Krystalloxraphie  und  Mineralogie  pob- 
Ushed  by  P.  Groth  and  consists  of  one  volume  divided  into  two  parts.  The  first  235  pages  are 
devoted  to  a  geologic  description  of  the  region  about  Christiaoia,  and  contain  many  petro- 
graphic  descriptions  and  analyses  of  the  igneous  rocks.  la  the  Sr'cond  part  of  the  work' the 
aathor  confines  himself,  as  the  title  indicates,  to  the  description  of  the  individual  minerals 
which  occur  in  the  pegmatite  dikes  In  that  region.  The  author  of  these  valuable  works  is  now 
preparing  a  monograph  upon  the  igneous  rocks  of  the  same  region,  in  which  he  will  diacass 
their  petrographic  characteristics  and  relations  more  fully  than  he  has  done  in  either  of  the 
preceding  publications.  It  is  for  this  petrogrophic  monograph  that  many  of  the  analyses  pub- 
lished in  the  Syenitpegmatitgilinge  were  prepared. 

As  numerous  references  will  be  made  in  this  report  to  these  two  works,  they  will  bo 
designated  in  the  text  simply  as  (Silur.  Etagen,  p.  — ),  for  the  earlier,  and  (Syenitpegmatit- 
g&nge,  p.—)  for  the  latter,  and  thus  many  long  titles  and  numerous  foot  notes  will  be  avoided . 

t  Professor  Rosenbi^sch  has  kindly  informed  the  writer  that  although  the  typical  laur* 

Tlkite  is  not  identical  with  the  Arkansas  rock,  certain  varieties  of  the  former  resemble  it  rery 

closely. 

X  The  county  was  named  after  Count  Casimlr  Pulaski,  a   Polish  patriot,  who  fought  on 

the  American  side  during  the  war  of  the  Revolution  and  was  killed  at  the  siege  of  Savannah, 

Ga..  in  1779. 
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Poarche  Moantain  are  sitaated — as  a  designatioa  for  this 
type  of  rock§. 

The  relation  of  palaskite  to  the  rocks  which  it  most 
t^losely  resembles  is  represented  by  the  following  diagram: 

ijfraphio  repreaerUcUion  of  the  relation  of  pulaskite  to  the  allied 

rooks. 
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The  minerals  and  structures  enclosed  in  the  squares 
nearest  to  the  various  rocks  mentioned  represent  the  in- 
gredients and  properties  which  those  rocks  possess  and 
the  others  lack.  Thus  pulaskite  contains  hornblende  and 
has  a  trachytie  structure,  while  laurvikite  contains  augite  in 

I  As  this  is  going  to  press  word  has  been  receired  from  Professor  W.  S.  Baylef  of  Colby 
UniTorsity,  WaterviUe.  Maioe,  that  be  has  found  the  rock  from  Red  Hill,  N.  H.,  detfcribed  as 
hornblende  syenite  by  G.  W.  Hawes  (Mineralogy  and  Lithology  of  New  Hampshire,  1878) 
to  be  an  eleolite  syenite,  and  consequently  a  hornblende  eleolite  syenite.    The  New  Hampshir  e 
vock  is,  howerer,  quite  unlike  that  from  Arkansas  in  appearance  and  structure. 
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large  quantities  and  little  or  no  hornblende  and  has  a  lanr-*. 
vikitic  structure. 

Orthoclase  is  by  far  the  most  important  mineral  in  the^ 
rock.  It  appears  usually  in  two  distinct  generations.  Th^ 
crystals,  which  belong  to  the  first  generation,  are  large  (10-30* 
mm  in  length)  and  often  show  an  idiomorphic  form,  although 
this  is  frequently  hidden  by  the  beginning  of  the  crystalliza- 
tion of  the  minerals  of  the  second  generation,  before  that  of^ 
the  first  was  entirely  completed. 

It  is  seldom  that  the  external  form  can  be  observed^ 
but  in  a  slightly  weathered  specimen  of  the  blue  rock,  con- 
taining  very  large  crystals,  individuals  were  found  showings 
the  following  faces:  OP  (001),  ooPdo  (010)  and  ooP  (110)^ 
Some  of  these  crystals  were  twins  parallel  to  the  base  (100)^ 
while  the  others  were  Carlsbad  twins.  In  one  case,  these  twa 
laws  were  observed  combined  in  the  same  crystal.  These^ 
large  orthoclase  phenocrysts  are  for  the  most  part  very  im- 
pelucid,  but  in  some  cases  they  are  partially  transparent  iu/ 
the  center.  A  kaolinization  has  evidently  taken  place  from 
the  outside,  and  has  worked  inward  leaving  the  centers  of 
the  larger  crystals  comparatively  fresh. 

The  crystals  have  two  systems  of  cleavage-planes  paraK 
lei  respectively  to  the  base  (001)  and  the  clinopinacoid  (010)*. 

Several  of  these  crystals  were  kindly  measured  by 
Professor  J.  F.  Kemp  of  Cornell  University,  with  the  follow- 
ing results : — 

F:Af(l) 89°  67^ 

(2) 90    03 

(3) 90    00 

Mean 90    00 

Another  piece,  on  which  the  faces  were  not  quite  so. 
perfect,  gave  a  variation  from  90°  of  8 J  minutes,  but  it   is 
certain  that  the  first  readings  are  the  more  correct.    It  ia. 
evident,  therefore,  that  the  crystal  is  monclinic  in  its  habit* 

Under  the  microscope  some  of  the  feldspar  crystals  are 
seen  to  contain  small  cavities,  elongated  in  such  a  way  as  to. 
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give  the  appearance  of  minute,  black  needles.  These  are^ 
generally  arranged  parallel  to  each  other  and  are  found 
either  at  right  angles  to,  or  parallel  to  the  cleavage-planes* 
A  few  larger  cavities  have  been  observed,  which  appear 
to  contain  fluids,  in  which  stationary  gas  bubbles  oftea 
appear.  In  many  crystals  an  indistinct  microperthitic  struct- 
ure has  been  observed. 

When  viewed  in  convergent  polarized  light  the  optie 
axis  angle  of  the  feldspar  is  seen  to  be  small,  not  over  30%^ 
but  it  has  not,  however,  been  accurately  measured  in  any  ot 
the  specimens.    In  all  cases  in  which  it  has  been  observed  it 
has  been  found  to  lie  in  the  symmetry-plane  (010). 

The  feldspar  contains  as  ioclusions  besides  the  basic  silicates^ 
apatite,  magnetite  and  not  infrequently  irregularly  bounded 
grains  of  eleolite  or  nepheline.  If  several  of  these  are  in* 
eluded  in  the  same  individual,  they  are  generally  all  extinguished^ 
at  the  same  time  when  examined  between  crossed  nicols.  They 
appear  to  be  arranged  without  any  regularity  so  far  as  the 
crystallographic  form  of  the  including  mineral  is  concerned. 

The  chemical  analysis  corresponds  with  the  preceding 
observations,  and  shows  that  the  mineral  is  an  isomorphic 
mixture  of  a  potassium  and  sodium  polysilicate. 

The  following  analysis  was  made  by  the  Survey,  W.  A,. 
Noyes,  professor  of  chemistry  at  the  Rose  Polytechnic  Institute^. 
Terre  Haute,  Ind.,  analyst : — 

Analysis  of  KryptoperihUe  from  Fourche  Mi. 

SiOj 66.95 

AljOj 17.87 

Fe,Os 0.90 

CaO 0.52 

MgO : 0.24 

KjO 7.82 

Na,0 6.20 

H^O  (loss  CO  ignitioD) 0.30 

Total - 99.80 

The  silica  appears  to  be  a  little  too  high  and  the  alumina  ai 
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little  too  low,  when  compared  with  other  analyses  of  orthoclase 

rich  in  sodium. 

When  ail  the  facts  mentioned  above  are  taken   into  oon- 

eideration,  it  is  evident  that  the  feldspar  is  a  sodiam  orthoclase 

and  is  very  similar  to,  if  not  identical  with,  Brogger's  kryptoperih" 

ite  (Syenitpegmatitgaoge,     p.    524),   although    the  amount  of 

soda  is  somewhat  less  than  is  usually  found  in  this.       For  the 

'Sake  of  comparison  the  following  analyses  from  Brogger's  work 

are  quoted : — 

Analyses  of  Feldspars. 


CONSTITUENTS. 

I. 

IL 

III. 

Fourche  Mt 

Fredriks- 
▼ara. 

liAunrik. 

Sio, .... 

Al.Oa 

66.95 
17.87 
0.90 
0.52 
0.24 
7.82 
5.26 
0.30 

66. 08 
18.77 

65.90 
19.46 

Fe.Oa 

0.44 

CeO 

0.37 

0.28 

MgO «. 

K.O 

7.68 
6.54 

6.55 

Na,0 ^ 

Loss  on  isnitioD 

6.14 
0.12 

Total 

99.80 

99.44 

98.90 

I.  Feldspar  from  Fourche  Mt.,  Arkansas— Anal,  by  W.  A.  Noy 

II.  Kryptoperthite  from  Fredriksvarn,  Norway — Anal,  by  Q. 
Flink. 

III.  Kryptoperthite  from  Lauryik,  Norway  (In  green  eleolite) — 
Anal,  by  G.  G.  Gmeliu. 

The  agreement  of  these  various  specimens  is  sufficiently 
<;lose  to  establish  their  identity. 

Plagioclase  seems  to  be  entirely  wanting,  as  no  crystal  of  it 
iias  been  observed  in  any  of  the  fifty  or  more  sections  of  this 
Tock  which  were  examined. 

Quartz  does  not  appear  in  this  rock. 

The  dark  colored  minerals  which  occur  in  this  rock  are 
iisually  collected  together  in  small  groups,  aad  it  is  only  very 
seldom^  that  single  crystals  are  found  scattered  amoug  the  ortho- 
<}lase  individuals.  These  basic  silicates  are  naturally  all  idiomor- 
phic   with  regard   to   the  younger  light  colored  silicates,  bat 
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among  themselves  they  show  pecaliar  intergrowths.      Of  the 
three,  biotite  is  evidently  the  oldest,  as  each  of  the  others  in 
turn  sarround  it.     Hornblende  comes  next  in  order,  and   the 
pyroxene  is  the  youngest. 

Biotite  (black  mica)  is  of  a  black  color,  and  occasionally 
shows  an  apparently  hexagonal  form,  bat  it  is  more  often  found, 
in  irregularly  bounded  plates.  It  is  especially  distinguished  by 
its  perfect  cleavage  parallel  to  the  base  (001).  In  some  of  the 
darker  varieties  of  the  blue  granite  (pulaskite),  it  shows  a 
peculiar  bronzy  lustre,  which  makes  it  very  conspicuous ,,. 
especially  in  a  polished  surface.  In  such  cases  it  is  quite  brittle 
and  filled  with  innumerable  inclusions  of  other  minerals,  prin- 
cipally apatite  and  feldspar,  in  irregular  grains. 

In  thin  sections,  the  biotite  usually  appears  as  irregularly 
bounded  pieces  of  a  reddish  brown  to  a  dark  brown  color,  show- 
ing very  strong  pleochroism  with  the  usual  absorption.  The 
plane  of  extinction  appears  to  be  very  nearly  at  right  angles  to 
the  cleavage-planes.  The  crystals  are  sometimes  scattered 
irregularly  through  the  section,  but  are  more  often  clustered 
together  with  the  other  basic  silicates  into  small  nests  or  groups 
indicating  a  secondary  character  for  some  of  them. 

Plates  parallel  to  the  base  (001)  (cleavage-plates)  show  in 
convergent  light  that  the  mineral  is  almost  uniaxial.  The  axial 
angle  seldom  if  ever  exceeds  four  degrees,  and  is  usually  found 
to  be  less.  In  all  cases  where  the  position  of  the  axes 
could  be  determined  they  were  found  to  lie  parallel  to  the 
symmetry-plane,  showing  that  the  mica  is  a  meroxene  and  not 
an  anomite.  The  character  of  the  double  refraction  is  negative, 
and  the  dispersion  of  the  axes  and  bisectrix  is  as  usual  in  such 
micas. 

The  only  inclusions  which  have  been  observed  are  magne- 
tite and  apatite.  The  latter  is  very  common  and  often  consti- 
tutes a  good  part  of  the  plate. 

Pyroxene  occurs  in  comparatively  small,  thick,    greenish 
black  crystals,  which  are  difficult  of  detection  macrescopically. 
Under  the  microscope  they  appear  as  very  light  green,  or  nearly 
colorless  crystals,  often  idiomorphic  and  showing  the  forms 
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ooPoo  (100),  ooPio  (010)  and  ooP  (110),  but  also  frequently 
allotriomorphically  bounded  and  grouped  together  with  other 
individuals  into  small  aggregations. 

Under  the  microscope  the  cleavage,  in  sections  at  right 
angles  to  the  vertical  axi?,  appears  as  sharp  lines  cutting  each 
other  at  approximately  87^,  and  lying  parallel  to  the  prism  faces 
>(110),  There  appears  also  in  such  sections  an  indistinct 
separation,  which  can  hardly  be  called  a  cleavage,  approximately 
parallel  to  the  orthopinacoid  (100).  Tn  sections  parallel  to  the 
vertical  axis  the  prismatic  cleavage  appears  in  the  form  of 
parallel  cracks,  usually  highly  inclined  to  the  surface  of  the 
sections.  Here  also  appears  a  system  of  irregular  cracks  which 
in  this  case  lie  approximately  parallel  to  the  base  (001). 

Twins  are  not  common,  but  some  crystals  have  been 
observed  which  were  made  up  of  two  individuals  twinned 
parallel  to  the  orthopinacoid  (100).  In  a  few  cases  sections  at 
right  angles  to  the  vertical  axis  of  the  crystal,  show  a  plate 
parallel  to  the  orthopinacoid  (100),  interposed  between  the  two 
halves  of  the  inclosing  crystal. 

Observed  in  parallel  polarized  light,  the  basal  sections  show 
total  extinction,  when  the  cross-hairs  bisect  the  angles  made  by 
the  cleavage-cracks,  and  hence  lie  respectively  parallel  and 
perpendicular  to  the  symmetry-plane. 

In  the  light  colored  crystals  pleochroism  is  not  detectable, 
except  near  the  edge,  but  in  those  which  have  a  decided  green 
tinge,  the  pleochroism  varies  between  two  shades  of  light  green. 
The  formula  for  the  absorption  is  probably  c>a>b. 

The  position  of  the  acute  bisectrix,  in  sections  parallel  to 
the  plane  of  symmetry,  varies  somewhat  in  diflferent  specimens. 
The  angle  which  it  makes  with  the  vertical  axis  reaches  a 
maximum  at  about  52^,  but  it  has  been  observed  in  some  sections, 
also  apparently  parallel  to  the  symmetry-plane;  to  be  as  small 
as  40  degrees. 

In  some  cases  a  zonal  structure  has  been  observed  where  the 
center  of  the  crystal  shows  a  greater  angle  of  extinction  than 
the  outside.  Thus  in  one  comparatively  large  crystal  (2  mm 
iong)  the  central  kernel  was  extinguished  at  an  angle  of  51^, 
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^kile  the  outside  became  dark  when  an  angle  of  46°  had  been 
reached.  In  this  case  the  central  portion  was  slightly  darker  in 
x;olor  than  the  outside.  The  reverse  of  this  is,  however^  usually 
the  case  in  this  rock,  and  it  has  generally  been  observed  that 
"while  the  main  portion  of  the  crystal  is  colorless  or  nearly  so,  a 
slightly  greenish  edge  surrounds  it,  and  that  in  some  cases  this 
'edge  becomes  quite  deep  in  color.  There  is  a  marked  difference 
in  the  angles  of  extinction  measured  for  the  greenish  borders 
^nd  the  lighter  interiors,  the  former  becoming  dark  at  an  angle 
of  not  more  than  8°  to  IQP,  while  the  latter  show  the  normal 
extinction  angles  of  4QP  to  50°.  It  is  probable  that  an  segiritic 
border  was  formed  about  the  crystals,  by  the  action  of  the 
strongly  alkaline  magma  in  which  they  were  produced. 

It  seems  probable  from  the  foregoing  considerations,  that 
the  principal  form  of  pyroxene  found  in  this  rock,  is '  diopaide, 
which  has  been  altered  about  the  edge  to  an  segiritic  mineral. 

Among  the  inclusions  which  have  been  noted  are  apatite, 
magnetite,  titanite,  biotite,  and  irregularly  distributed  gas-pores, 
t9ome  of  which  reach  a  diameter  of  several  tenths  of  a  millimeter. 

Amphihoh  occurs  in  thick,  short  prisms,  seldom  exceeding 
1  mm  in  any  direction.  It  is  of  a  jet-black  color  and  presents  a 
i>lack,  glistening  surface  under  the  magnifiying-glass. 

In  thin  sections  under  the  microscope  it  usually  appears  in 
rich,  chestnut-browo,  greenish  brown,  or  dark  green  crystals, 
which  are  bounded  by  the  faces  ooP  (110),  ooPc5b  (100)  and 
ooPdo  (010).  OP  (001)  and  some  orthodome  (mOl)  have  also  been 
observed.  The  cleavage-cracks  parallel  to  the  two  prisms  are 
very  sharply  defined,  and  show  the  usual  prism  angle  for 
^mphibole.  In  addition  to  these  two  systems  of  cleavage- 
oracks,  there  appears  another,  much  less  distinct  and  iodicated 
hj  but  a  few  cracks,  lying  parallel  to  the  clinopinacoid  (010). 
The  pleochroism  is  very  marked  and  is  as  follows  : — 

parallel  to  6  reddish  brown  ; 

parallel  to  a  light  yellowish  brown ; 

parallel  to  c  dark  reddish  brown ; 
«nd  the   absorption   is  expressed   by    the    formula    c>&>a. 
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In  other  cases  where  the  crystals  become  more  deoidedl7 
green  the  pleochroism  becomes : — 

parallel  to  b  deep  bluish  green  ; 

parallel  to  a  brownish  yellow ; 

parallel  to  c  yellowish  green ; 
and  the  absorption  is  b>c>a. 

In  polarized  light,  sections  at  right  angles  to  the  vertical 
axis  are  totally  extinguished  when  the  cross-hairs  bisect  the 
angles  made  by  the  prismatic  cleavage-planes.  In  sectiona 
parallel  to  the  clinopinacoid  (010)  the  angle  of  extinction  ia 
quite  large,  20°  having  in  some  places  been  observed.  A  dark 
green  edge,  or  border,  surrounds  many  of  the  brown  crystals^ 
but  no  difference  in  the  angle  of  extinction  between  the  center 
of  the  crystal  and  this  green  band  has  been  detected.  Some 
of  the  brown  crystals  are  completely  free  from  such  a  border^ 
but  it  almost  always  appears  about  the  greenish  ones. 

It  is  probable  from  the  general  appearance  of  these 
crystals,  that  they  belong  to  that  groap  of  amphibolea 
known  as  arfvedaonite,^  but  no  chemical  tests  have  been 
attempted  in  proof  of  this  supposition.  Twin  crystals  have 
not  been  observed. 

Among  the  inclusions  may  be  mentioned  those  which 
were  enumerated  as  occurring  in  pyroxene  with  the  addition 
of  that  mineral  itself.  Gas  inclusions  are  not  ancommoD> 
but  they  play  no  important  part  in  the  physiography  of  the 
crystal. 

Professor  Rosenbusch  has  informed  the  writer  that  the 
rare  and  interesting  mineral  ainigmcUite  (Breitbaupt)  appears 
in  the  form  of  a  slender  needle,  in  a  section  of  a  specimen  of 
this  rock  sent  to  him  for  inspection. 

The  peculiar  relations  which  the  three  basic  silicatea 
described  above  bear  to  each  other  deserve  a  special  men- 
tion. It  has  already  been  stated  that  these  appear,  to  a 
certain  extent,  to  replace  each  other,  so  that  where  one 
strongly  predominates  the  other  two  are  found  in  smaller 

*  Prof.  H.  BoMnbiuch  baa  kindly  informed  the  writer  that  he  ooniidexB  them  to  b« 
cloeel7  tilled  to  the  barkeTikite  of  Brogger. 
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quantities.  This  is  carried,  in  some  cases,  to  the  almost 
complete  elimination  of  one  or  other  or  both  of  the  less 
important  minerals;  at  the  same  time  a  corresponding^ 
increase  in  the  amount  of  the  more  important  one  takes  place » 
Thus  biotite  is  found  in  distinct  individuals  (usually 
rounded)  included  in  both  of  the  other  basic  silicates.  Where- 
it  occurs  iu  the  pyroxene,  it  is  occasionally  found  with  it& 
basal  cleavage  parallel  to  the  vertical  axis  of  that  mineral^ 
but  this  is  by  no  means  the  rule  and  appears  to  be  due  more  to 
accident  than  to  any  inherent  tendency  of  the  crystals  to 
arrange  themselves  in  that  order.  The  same  may  be  said  of 
amphibole  and  biotite.  In  the  case  of  the  intergrowth  of  the 
pyroxene  with  the  amphibole  it  is  evident  that  there  is  a 
distinct  tendency  for  them  to  arrange  themselves  with  par- 
allel vertical  axes  and  with  their  cleavage-planes  so  situated 
that  the  bisectrices  of  the  included  angles  fall  together. 
Thus  pyroxene  crystals  may  be  found  which  are  partially  or 
entirely  surrounded  by  amphibole  and  which,  if  they  are 
studied  in  sections  perpendicular  to  the  vertical  axis,  are 
found  to  become  dark  in  parallel  polarized  light  at  the  same 
instant  with  the  amphibole  crystals.  In  such  intergrowths, 
sections  approximately  parallel  to  the  clinopinacoid  (010) 
show  a  marked  difference  in  the  angles  of  extinction  between 
the  two  individuals  for  when  the  one  is  dark  the  other  is 
light.  There  are  many  cases  where  this  parallel  intergrowth 
has  not  taken  place  and  crystals  of  pyroxene  and  amphibole 
are  found  in  irregular  combinations.  In  every  case  the 
pyroxene  is  evidently  the  older. 

-  Ekolite  or  nepheline  holds  an  intermediate  position 
between  the  essential  and  the  accessory  minerals.  In 
some  specimens  it  becomes  quite  insignificant  while  in 
others  it  appears  to  play  quite  an  important  part.  It  might 
well  be  termed  a  characteristic  accessory  mineral,  which, 
when  present,  gives  a  certain  character  to  the  rock,  but  which 
when  absent,  does  not  necessitate  a  change  of  name,  nor  does  it. 
indicate  an  alteration  in  the  genetic  conditions  under  which. 
the  rock  was  formed. 

6  OtoloKtoftl;  Vol  IL,  1890. 
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Eleolite  never  occurs  in  this  rock  as  idiomorphic 
crystals^  but  always  in  wedge  shaped  or  polyhedral  masses 
which  take  their  exterior  form  from  the  minerals  by  which 
they  are  surrounded.  These  masses  are  too  small  to  be 
readily  detected  by  the  naked  eye  and  only  in  very  few 
cases  do  they  reach  a  diameter  of  a  millimeter.  They  are 
generally  colorless  or  slightly  tinged  with  yellow. 

Under  the  microscope  eleolite  appears  as  a  transparent, 
colorless  substance  which  occupies  the  spaces  between  the 
feldi^pars  or  other  minerals  which  make  up  the  rock  and  is 
usually  bounded  by  a  triangular  or  polygonal  outline.  It 
has  also  been  frequently  observed  as  rounded  sections  in- 
cluded in  the  large  feldspar  crystals.  These  irregular 
sections  seldom  show  a  true  cleavage  though  an  uneven 
fracture  through  them  is  not  uncommonly  observed. 

It  is  a'very  common  thing  to  find  this  mineral  altered 
to  analcite;  in  some  cases  so  complete  has  been  this 
change  that  in  many  sections  no  remnant  of  the  original 
substance  can  be  found.  In  such  cases  it  must  be  assumed 
that  eleolite  was  the  mineral  from  which  the  analcite  was 
derived,  for  as  will  be  described  later,  analcite  has  been  found 
in  associated  rocks  surrounding  an  undecomposed  mass  of 
eleolite.  Hence  it  appears  more  than  probable  that  it  is, 
in  this  case  also,  an  alteration  product  of  that  same  mineral. 

When  the  eleolite  or  nepheline  is  fresh  and  unaltered 
it  gives  a  sharp  extinction  and  shows  the  negative  character 
of  its  double  refraction  in  cases  where  a  selenite  plate  can 
be  used.  In  convergent  polarized  light  a  black  cross 
appears  but  no  rings  are  visible.  Microchiemic  tests  show 
the  presence  of  gelatinous  silica  and  of  sodium. 

Briigger  (Silur.  Etagen.  p.  268)  describes  nepheline  of  a 
very  similar  form,  but  in  the  Norwegian  rocks  the  alteration 
to  analcite  appears  to  have  taken  place  in  a  much  less  marked 
degree. 

Eleolite  is  nearly  free  from  inclusions  but  contains  a 
few  needles  of  apatite  and  here  and  there  beautiful,  slender 
agirite  crystals  (see  under  secondary  aegirite). 
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Sodalite  appears  in  only  a  few  of  the  sectioDS  and  is 
generally  nearly  filled  with  dust-like  inclusions.  It  is  for 
the  most  part  completely  altered  into  undeterminable  de- 
-composition  products,  which  have  a  decided  action  on  po- 
larized light.  The  sodalite  crystals  are  about  half  a  millimeter 
in  diameter  and  are  generally  bounded  by  the  other  con- 
stituents of  the  rock,  but  in  a  few  cases  they  show  idiomor- 
phic  outlines.  Inclusions  of  magnetite,  apatite  and  the  basic 
silicates  have  been  observed. 

Titanite  is  by  far  the  most  important  and  most  common 
■of  the  truly  accessory  minerals.  It  forms  light  to  dark  yel- 
low idiomorphic  crystals  some  of  which  are  as  much  as 
1.5  mm  in  diameter  and  may  easily  be  detected  macroscopic- 
^lly  by  their  resinous  lustre  and  yellow  collor. 

Under  the  microscope  these  are  especially  noticeable  on 
account  of  their  sharp  outlines  and  the  rough  appearance  of 
their  surfaces.  They  are  practically  free  from  inclusions 
and  are  evidently  the  first  crystals  that  were  formed.  Their 
general  characteristics  are  precisely  like  those  of  other  rock- 
forming  titanite  crystals  so  they  need  not  be  described  in 
detail.     Twins  are  very  rare  in  this  rock. 

Apatite  comes  next  to  the  titanite  in  the  order  of  its 
formation  and  in  some  specimens  it  becomes  quite  im- 
portant on  account  of  the  quantity  present.  Its  crystals  attain, 
in  some  cases,  a  length  of  two  millimeters  and  form 
elender  idiomorphic  prisms,  generally  truncated  at  both 
-ends  by  pyramidal  faces.  The  characteristic  separation 
cracks  approximately  parallel  to  the  base  are  well  marked, 
but  the  commonly  observed  dusty  appearance  in  the  center 
of  the  crystal  is  wanting.  The  properties  of  the  mineral  are 
identical  with  those  usually  described. 

Magnetite  occurs  sparingly  in  small  idiomorphic  grains 
which  are  opaque  and  show  a  roagh  surface  under  the  mi- 
'Croscope.  They  seldom  exceed  a  tenth  of  a  millimeter  in 
diameter  and  are  found  scattered  through  almost  all  the 
other  constituents  of  the  rock. 

Fluorite  has  been  observed  in  minute   purple  crystals 
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which  remain  dark  between  crossed  nicols  during  a 
complete  revolution  of  the  stage.  Cleavage-planes  parallel 
to  O  (111)  are  visible.  The  purple  coloring  matter  appears 
to  be  unevenly  distributed  through  the  crystal  but  no  optic 
irregularities  have  been  detected. 

Secondary  cegirite  appears  in  the  form  of  very  minute 
slender  prisms  showing  the  pinacoid  and  prism  faces.  IDnder 
the  microscope  it  appears  of  a  bright  green  color  and  shows 
an  extinction  angle  in  sections  parallel  to  the  clinopinacoid 
(010)  of  not  more  than  two  degrees.  The  pleochroism  is. 
strong.  These  minute  needles  show  a  remarkably  dark 
band  about  all  the  edges  which  is  due  to  the  total  refraction 
of  the  light.  The  extinction  angle  is  so  small  that  it  is 
often  almost  impossible  to  measure  it  and  the  crystals  ap- 
pear like  epidote  needles.  It  is  seen,  however,  from  the  sec- 
tions at  right  angles  to  the  longest  diameter  that  the  crystals 
belong  to  the  pyroxene  and  not  to  the  epidote  group. 
These  crystals  are  usually  radially  arranged  about  a  corner 
of  an  amphibole  crystal  or  about  a  magnetite  grain.  They 
are  also  found  scattered  singly  through  some  of  the  light 
colored  components  of  the  rock  and  are  especially  frequent 
in  the  eleolite  (nepheline).  It  is  evident  from  their  mode  of 
occurrence  that  they  are  of  secondary  origin. 

AnalcUe,  which  has  already  been  mentioned  under  the 
head  of  eleolite  or  nepheline,  plays  an  important  part  in  the 
microphysiography  of  many  specimens  of  the  rock  under 
consideration. 

It  usually  occurs  in  the  same  form  that  the  eleolite  had 
before  it  but  occasionally  extends  beyond  that  border  into 
the  feldspar  crystals  which  bounded  the  original  eleolite.  It 
appears  as  if  it  had  taken  some  of  its  material  from  the  feld- 
spar and  had  grown  at  its  expense.  In  the  majority  of  cases 
it  appears  under  the  microscope  to  be  of  a  slightly  pinkish 
or  brownish  color;  it  is  not  wholly  transparent  but  pre- 
sents a  slightly  dusty  appearance.  Between  crossed  nicols. 
it  appears  perfectly  dark,  so  far  as  transmitted  light  is  con- 
cerned, but  has  a  slightly  pinkish  or  yellowish  appearanca 
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\7hich  is  due  to  reflected  light.  Its  index  of  refraction  is  low 
and  its  surface  shows  no  relief.  Such  crystals  can  with 
diflSculty  be  distinguished  from  sodalite.  In  some  cases 
the  analcite  shows  a  weak  double  refraction  between  crossed 
nicolSy  and  in  such  cases  these  anomalies  can  be  brought 
out  very  much  more  distinctly  by  the  use  of  a  selenite  plate. 
The  crystals  which  show  these  optic  anomalies  to  the  best 
advantage  are  at  the  same  time  the  clearest  and  lightest  in 
color.  Cleavage-cracks  at  right  angles  to  each  other  have 
been  observed  but,  owing  to  lack  of  external  form^  these 
•could  not  be  identified  as  being  parallel  to  any  particular 
faces  of  the  crystals. 

Quartz  and  zircon  are  entirely  wanting.  In  order  to  be 
€ure  that  the  latter  was  not  overlooked  a  quantity  of  the 
somewhat  decomposed  rock  was  washed  in  a  '^  batea ''  or 
Brazilian  mining  pan.*  The  residue,  after  having  been 
freed  from  magnetite,  was  examined  under  the  microscope 
but  without  disclosing  any  rare  minerals. 

It  is  evident  from  the  fractured  appearance  of  certain 
of  the  minerals  in  some  specimens  of  this  rock,  that  they 
were  subjected  to  a  good  deal  of  crushing  before  the  rock 
eolidified.  Thus  in  a  dark  colored  specimen  of  rock  from 
the  top  of  the  Fourche  Mountain  ridge,  long  biotites  are 
found  which  have  been  broken  through  at  right  angles  to 
their  cleavage-planes  and  the  fragments  thus  formed  have 
been  separated  from  each  other  and  in  some  cases  pressed 
out  of  line.  The  spaces  between  the  sections  have  been 
filled  with  feldspathic  material. 

From  the  foregoing  description  it  will  be  seen  that  the 
pulaskite  is  an  eleolitic  (nephelinitic)  syenite,  in  which 
amphibole  usually  predominates  among  the  basic  silicates, 
and  pyroxene  and  biotite  are  present  in  small  quantities. 
Although  'generally  somewhat  finer  grained  than  Brogger's 
iaurvikiUf  and  while  differing  from  it  in  the  shape  of  its  feld- 

*  For  the  use  of  this  lustrumeDt,  aa  applied  to  the  detection  of  rock-maklog  mlnerala 
liATing  •  high  apedfio  grarity,  aee  O.  A.  Derby's  paper  read  at  the  Indianapolis  Meeting  of  the 
Ana.  Aasoo.  for  the  Adyancement  of  Science.    (Proc.  A.  A.  A.  8.,  Vol.  XXXIX,  1891.) 
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spars,  it  certainly  bears  a  very  close  relation  to  that  nniqae 
form  of  syenite.  That  this  likeness  between  the  two  rocka 
is  not  only  mineralogic  and  stractural,  but  also  chemical^ 
is  shown  by  the  following  analyses : — 

Analyses  of  pulaakite  and  laurvikUe. 


I. 

II. 

ni. 

CONSTITUENTS. 

PULAIKITK. 

Laurvikits. 

Fourche 
Mountain. 

Same  slightlr 
weathered. 

Norwaj. 

SlOa.« 

60.08 
20.76 
4.01 
0.75 
2.62 
0.80 
trace 
5.48 
5.96 
0.59 
0.07 

60.68 

18.77 

3.40 

0.45 

2.71 

0.93 
trace 

5.72 
nn  determined 

0.97 
not  determined 

58.88 

AlaOi 

20^0 

f  C2^9  •••••••••    •••••••• 

FeO 

8.63 
2.58(*) 

CaO « 

M«0   

8.03 
0.79 

MnO„ 

K2O 

4.60  (t) 

NtaO 

5.78  (t) 

H2O  (ignition)..... 
PaO*  

1.01 
0.54 

Total 

101.07 

100.99 

1 

CI  and  SOa  are  wanting. 

I.  Light  colored  pulaskite  from  Fourche  Mountain.  Analysis  by 
R.  N.  Brackett  and  J.  P.  Smith. 

II.  Same,  slightly  weathered.    Partial  analysis  by  R.  N.  Braoketi 
and  J.  P.  Smith. 

III.  Laurvikite,  light  gray,  from  Byskoven,  Laurvik,  Norway^ 

Mean  of  analyses  by  Stahl  and  Mannsfeld.t 

„^ —  -         — — — ^^^  ^— ^^^^— ^^« 

^  FeO  in  analysis  III  includes  some  MnO. 

t  Analysis  III  is  a  mean  of  aoalyses  by  Stahl,  Mannsfeld,  and  a  potasaium  d«teF« 
mined  by  Oahn.    The  separate  analyses  of  ttie  alcalies  were  as  follows  :— 

KaO,  NaaO. 

Stahl 4.80 

Mannsfeld 4.G0 

Cahn.... 4.05 


6.46 

5.73  {numher  iMedf). 


Mmd 4.50  (numtrr  ((««/)    C.OU 

Xk  Merian,  Stadien  an  gesteinsbildenen  Pyroxonen,  N.  Jahrb.  f.  Mineral.,  Beilageband 
lU.,  1884,  p.  266. 
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The  occurrence  of  the  pulaskite  in  a  wide  dike-like  mass 
when  taken  in  connection  with  its  trachytic,  semi- porphyri tic 
structure  places  it  among  the  intrusive  dikes  and  not  with 
the  truly  abyssal  rocks.  In  this  respect  this  rock  differs  not 
only  from  the  laurvikite  but  from  the  au)2;ite  and  eleolite  syenites 
as  well. 

Segregation  veins. — These  occur  in  the  pulaskite  and  have 
already  been  mentioned  on  page  20.  They  consist  principally  of 
large  tabular  feldspar  crystals  which  often  attain  a  length  of  more 
than  25  mm.  These  are  thin^  tabular^  parallel  to  the  clinopinacoid 
(010)9  ^^^  ^^6  frequently  twinned  according  to  the  Carlsbad  law. 
The  faces  which  have  been  observed  are  as  follows :  ooPdo 
(010)  ;  ooP  ^  (180) ;  ooP  (110) ;  OP  (001) ;  +P6b  (lOI)  and  +P 
(111).  The  crystals  are  white  and  opaque  and  are  often  much 
etched  on  the  surface. 

^girite  appears  in  black  prisms  often  10  to  12  mm  Id 
length.  The  feldspars  are  generally  so  arranged  as  to  leave 
large  interstitial  spaces,  which  are  occasionally  filled  with  de- 
composed masses  of  limonite  and  are  not  uncommonly  stained 
black  by  manganese. 

In  one  specimen  given  the  writer  by  Dr.  W.  P.  Jenny  of  the 
U.  8.  Geological  Survey,  the  crystals  of  feldspar  were  coated  witt 
an  incrustation  of  hyalite.  This  mineral  appears  in  the  form  of  a 
thin  coating  of  amorphous  substance  which  in  many  places  forms 
minute  globules  seldom  exceeding  0.5  mm  in  diameter.  Under 
the  microscope  these  globules  appear  isotropic  and  seldom,  if 
ever,  show  a  tendency  toward  optic  activity.  The  hyalite  gives 
an  opalescent  appearance  to  the  surface  of  the  feldspar  and  when 
colored  with  limonite  or  manganese  oxides,  as  it  often  is,  it 
imparts  a  dark  vitreous  lustre  to  the  surface  upon  which  it 
occurs. 

That  these  veins  are  segregations  and  not  pegmatitic 
intrusions,  is  showu  by  the  fact  that  they  are  often  very  limiied 
in  extent  and  are  entirely  surrounded  by  the  blue  granite 
(pulaskite). 

B.       Oray  Branite  (Eleolite  Syenite). 
That  rock  which  forms  the  large   fiat  masises,  described  a& 
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occurriDg  at  the  base  and  for  a  short  distaDce  up  the  sides  of  the 
hills  is  kuewn  by  the  name  "gray  granite."    It  has  as  yet  been 
quarried  to  but  a  small  extent^  and  has  been  used  principally  in 
trimmings  for  buildings.     Owing  to  its  lighter  color  and  inferior 
strength^  it  has  not  become  as  popular  a  building  stone  as  the 
blue  granite  (pulaskite).     The  Braddock  quarry  (see  plate  10)  has 
lately  been  opened  near  the  turnpike  on  the  northwest  side  of 
Allis  Mountain,  and  some  fresher,  better  stone,  than  that  foand 
elsewhere  has  been  taken  out.      The  opening  is  as  yet  only  six  or 
^even  feet  (1.8  to  2.1  m)  deep,  and,  if  on  going  deeper  the  stone 
is  found  to  continue  to  improve,  it  will  certainly  form  a  vary 
beautiful  and  durable  building  stone.     It  often  shows  a  decidedly 
gneissic  structure  and  in  many  cases  may  be  quarried  in  lai^flat 
slabs  several  square  yards  (meters)  in  area  in  much  the  same  waf 
that   a  free   splitting  gneiss   or   mica-schist   is   worked.     Th.8 
structure  facilitates  the  working  of  the  rock  in  a  great  degree  and 
makes  the  stone  a  comparatively  cheap  building  and   paviig 
material. 

a.     Physical  Properties. 

Structure. — The  gray  rock  is  easily  distinguished  from  the 
blue  rock,  not  only  by  its  color,  but  by  its  very  different  textare. 
While  the  blue  rock  is  semi-porphyritic  in  its  structarCi  this 
rock  is  completely  granular  and  has  a  trachytic  structure. 

This  structure  may  be  seen  by  an  inspection  of  plate  1 
(frontispiece),  where  an  exact  reproduction  of  a  polished  8urfiu!6 
of  this  rock^  is  shown. 

In  most  cases  the  rock  consists  of  large  individual  crystals, 
but  italso  frequently  occurs  as  a  line -grained  rock, still  preserviqg, 
however,  the  same  characteristic  granular  structure.  The  feld- 
spar and  mica  are  both  conspicuous  in  this  rock  and  the  eleolite 
also  forms  a  prominent  feature.  The  feldspar  is  dull  and  cleaves 
easily  in  two  directions,  so  that. the  appearance  of  a  broken  piece 
of  the  rock  is  very  rough. 

As  has  been  stated,  this  rock  usually  forms  hugh  flat 
surfaces  (see  plate  7,  p.  29),  which  seldom  show  cracks  in  any 
direction  so  that  it  would  be  possible  to  obtain  blocks  of  almost 

'■  The  speciuicu  shown  m  tho  fresh  rock  (roui  Braddock';)  quurrv. 


% 


FOUBCHE  MOUNTAIN  ROCK  —  GRAY  GRANITE.  73 

EDj  size  from  some  of  tbem.  On  weathering  it  simply  crumbles 
«way  on  the  surface  but  does  not  break  up  into  blocks  as  does 
the  blue  rock. 

Color. — The  color  of  this  rock  is  a  light  gray^  possessing  in 
«ome  specimens  a  reddish  and  in  others  a  yellowish  hue.  This 
light  color  is  very  characteristic,  and  wherever  it  appears  it  is 
•an  indication  that  this  eleolite  (nepheline)  syenite  is  present. 
Where  the  rock  becomes  finer  grained,  the  color  becomes  darker 
•and  gradually  shades  into  a  brown ;  a  transition  which  is  due  to 
the  numerous  small  flakes  of  mica  which  often  cover  up  much 
of  the  feldspar.  When  the  fresher  material  from  the  bottom  of 
the  Braddock  quarry  was  examined  it  was  found  to  show 
a  slightly  bluish  color^  especially  in  the  center  of  the  feld- 
spar crystals.  These  crystals  show  that  the  usual|  extremely 
white  color  of  the  feldspars  is  due  to  weathering. 

Strength. — A  cube  of  this  rock  was  tested  in  the  same  way 
as  the  blue  rook  and  gave  the  following  result : — 

Pressure*  per  square  inch  under  which  cube 

crumbled 14,000  lbs 

Corresponding  pressure  in  two  inch  cube  cal- 
culated by  cubic  parabola  formula 16,000    '^ 

It  appears  from  this  that,    although  the  strength   is  much 

inferior  to  that  of  the  blue  rock,   it  is  still  fully  as  strong  as 

many  true  granites  and  is  quite  strong  enough  for  all  building 

.  purposes,  f     The   rook  is  much  softer  than  the  blue  rock  and 

it  is  worked  much  more  easily. 

Absorption. — This  was  determined  in  the  same  way  that  it 
was  for  the  various  kinds  of  blue  granite  (pulaskite);  it  gave 
'the  following  result  after  twenty-four  hours  immersion  : — 

Ratio  of  absorption=l :  145. 
This  specimen  which  weighed  11.6  gr  was  allowed  to  dry  in  the 
air   for  twenty-four  hours  and  was  found  to  have  given   up 
fifteen-sixteenths  of  its  absorbed  water  at  the  end  of  that  time. 

*  ThiB  test,  likt  those  on  the  blue  rock,  wm  made  upon  a  cube  lees  than  two  i aches  on 
•  an  edge.    The  flgaree  obtained  from  the  tests  before  reduction  are  as  follows  :— 

Area  orer  which  preisare  was  distributed 2  sq.  in. 

Actual  pressure  under  which  cube  tested  crumbled...  28,000  lbs. 
t  At  the  time  that  these  tests  were  made  the  fresher  rock  mentiomed  above  had  no 
'"been  quarried. 
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Specific  ffravUy, — lu  combination  with  the   absorption  testj^ 
a  determination  of  the  specific  gravity  of  this  rock  was  made 
and  gave  the  following  result : — 

Specific  gravity =2.557 

Weight  per  cuAic  foot. — The  weight  per  cubic  foot  was  foand 
from  the  above  to  be  159.8  pounds. 

Effect  of  heat. — When  heated  in  the  same  way  as  the  bine 
granite  (fmlaskite)  it  showed  slightly  more  deterioration  thaa 
the  latter  at  the  same  temperatures. 

b.     Crystallographies  Microscopic  and  Chemical  Investigation*^ 

Strricture. — Under  the  microscope  the  trachytic  character  of 
the  eleolite  syenite  (gray  granite)  appears  very  distinctly  and 
the  structure  is  completely   hypidiomorphic   granular.      This 
rock   often  shows  a   miarolitic  structure   in   which    the   small 
cavities  are  bounded  by  feldspar  and  mica  and  contain  zeolites*^ 

Feldspar  as  in   the  preceeding  rock  is   by   far  the   most 
important  constituent.      It  appears  in  crystals  which  are  tabular 
parallel  to  the  brauchypinacoid  (010)  and  often  reach  a  large  size. 
Individuals  not  less  than   75  mm  occasionally    occur  but   in 
general  they  do   not  exceed   15   to  25  mm  in  their  greatest 
diameter. 

These  crystals  are  usually  opaque,  with  a  dull  white,  or 
slightly  pinkish  or  yellowish  color.  There  is  a  slight  reflection 
of  light  from  the  basal  cleavage-plane,  but  iu  general  all  the  faoea 
present  a  dull  appearaace.  Twins  according  to  the  Carlsbad 
law,  are  very  common — in  fact  single  crystals  are  much  rarer 
than  twins.  Two  other  cleavage-planes,  besides  that  parallel  to 
the  base  (001),  have  been  observed.  One  of  them  is  parallel  to 
the  brachypinacoid  (010),  while  the  other  appears  to  be  parallel 
to  the  macrodome  +8Poc  (801).  The  crystals  break  easily  into 
small  parallepipedons,  whose  faces  correspond  to  the  cleavage- 
planes  just  mentioned.  The  angles  of  these  cleavage-pieces  were^^ 
kindly  measured  by  Prof.  J.  F.  Kemp  of  Cornell  University. 

Kemp  found  the  reflections  poor,  but  obtained  as  a  mean  of" 

several  readings  the  following  angles  : —  » 

010:001  {M:P) 89°  82' 

001  :  801 71  26 
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« 

This  indioates  the  triclinio  form  of  the  mineral  and  at  the 
same  time  shows  a  cleavage  similar  to  that  found  in  orthoclase 
and  sanidine  and  described  for  those  minerals  by  Cross,  Levy,. 
Graeffy  von  Jeremejew,  Brogger  *  and  others. 

The  angle  of  70^  26'  approaches  somewhat  nearer  to  the 
angle  of  the  maorodome  -\-9P6b  (90Tf  than  it  does  to  that  of 
+8Pob  {SOT),  but  this  may  be  due  to  the  poor  reflections  on  the- 
macrodome. 

Under  the  microscope  this  mineral  usually  appears  quite- 
opaque  and  even  in  very  thin  sections  it  is  only  8emi-translucent» 
It  shows  very  distinct  cleavage-cracks  in  directions  parallel  to 
the  base  (001)  and  brachypinacoid  (OlO),  and  very  much  less- 
perfect  ones  in  the  direction  parallel  to  the  above  mentioned 
macrodome  (801). 

In  polarized  light  the  crystals  show  an  extinction  which^ 
although  by  no  means  sharp,  is  evidently  not  parallel  to  the 
M :  P  edge  in  plates  parallel  to   OP  (001).     An  angle  of +9°  was- 
measured  on  a  cleavage-plate  which  was  thin  enough  on  the 
edge  to  show  a  comparatively  sharp  extinction. 

In  very  few  cases  do  the  crystals  appear  to  be  single  in- 
dividuals. In  the  first  place  they  are  almost  always  twinned- 
according  to  the  Carlsbad  law,  and  in  the  second  place  they  are 
completely  filled  with  twinning  lamellse,  giving  them  a  very^ 
perfect  microperthitic  structure.  These  lamell®  do  not  ruu 
completely  through  the  crystal,  as  in  the  case  of  plagioclase,  but. 
appear  as  wedged-shaped  bands  which  narrow  to  a  point  before 
passing  more  than  half  way  through  the  crystal. 

It  is  evident  from  the  appearance  of  the  crystals  that  decom*^ 
position  has  taken  place  in  a  very  marked  degree.  In  many^ 
cases  the  rock  as  a  whole  has  become  very  much  kaolinized  and 
finally  breaks  down  to  a  true  kaolin  as  will  appear  later.  It  is 
evident  that  the  decomposition  of  the  rock  is  due  in  a  great 
measure  to  the  weathering  of  the  feldspar  and  eleolite. 

An  analysis  of  a  portion  of  one  of  these  feldspar  crystals  wa» 

«  For  th«  refertnoes  to  the  works  of  these  authors  see  Brogger's  SyeoitpegmatitgSnge  t- 
p.  6M. 
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made  by  the  Survey,  W.  A.  Noyes,  analyst,  with  the  following 
•results : — 

Analysis  of  microcline-microperthite, 

SiO, 66.39 

AlA 18.13 

FeA 1.44 

CaO 0.16 

MgO 0.06 

KjO 8.51 

Na^O 6.36 

Ignition 0.42 

Total 100.47 

From  its  chemical  composition,  crystallographic  form  and 
'microscopic  structure  this  feldspar  is  evidently  closely  allied 
to  the  microcline-microperthite  of  Brogger  (Syenitpegmatit- 
giinge,  p.  556).  Its  chemical  composition  shows  a  remarkable 
similarity  with  the  kryptoperthite  described  on  page  69.  The 
'almost  complete  absence  of  lime  shows  that  no  admixture  of  a 
«oda-lime  feldspar  is  possible  and  indicates  that  the  soda  must 
all  be  present  in  the  form  of  albite. 

EleolUe  becomes  in  the  gray  granite  one  of  the  essential 
minerals  and  in  many  cases  forms  as  much  as  a  fourth  of  the 
whole  mass  of  the  rock.  The  crystals  appear  to  be  always 
bounded  by  the  feldspars  and  therefore  never  show  idiomorphio 
forms.  They  are  of  a  brownish  yellow,  or  lemon  yellow  color 
and  present  on  broken  surfaces  the  characteristic  greasy  lustre, 
which  gave  the  mineral  its  name.  In  some  cases  the  eleolite 
including  its  decomposition  product  analcite,  occupies  spaces  not 
less  than  10  mm  in  length.  It  often  takes  the  form  of  a  thin, 
"^at  plate  and  lies  along  the  side  of  a  feldspar  crystal,  occupying 
the  space  between  it  and  some  other  crystal  or  group  of  crystals. 

Under  the  microscope  the  eleolite  shows  its  usual  character- 

istics.     Its  allotriomorphic  form  is  everywhere  observed  and  the 

peculiar  triangular  and  polygonal  sections  are  very  characteristic. 

Irregular  cleavage-planes  are  observable.  Its  double  refraction  is^ 

'jn  general,  somewhat  stronger  than  it  was  in  the  case  of  the  pre* 
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cediDg  rock.  Id  convergeDt  polarized  light  a  wide,  black 'cro£>» 
appears  in  sections  which  are  cut  nearly  at  right  angles  with  the 
principal  axis.  By  means  of  a  quarter-undulation  mica  plate 
the  character  of  the  double  refraction  was  determined  to  be 
negative.  The  eleolite  has  in  many  cases  been  completely 
altered  to  analcite,  but  as  this  mineral,  like  the  former,  is  clear 
and  transparent  the  spaces  occupied  by  them  together  are  easily 
distinguished  from  the  white,  nearly  opaque  feldspars. 

The  eleolite  is  comparatively  free  from  inclusions  of  al) 
kinds  but  segirite  and  some  of  the  other  basic  silicates  appear  in 
it  in  small  quantities.  Gas  and  liquid  inclusions  are  seldom 
observed.  Unaltered  eleolite  is  comparatively  rare  and  appears 
only  as  a  central  kernel  surrounded  by  analcite. 

Quartz  and  plagioolaae  are  entirely  wanting. 

Under  the  head  of  basic  silicates  biotite  and  augite  are  the 
only  ones  present  in  any  quantity,  while  amphibole   is  almost, 
or  completely  wanting. 

Biotite  is  much  the  more  common  of  the  two  silicates 
mentioned  and  often  occurs  in  large  crystals.  These  fre- 
quently attain  a  diameter  of  20  to  26  mm  and  are  often  as 
much  as  3  mm  in  thickness.  They  form  six-sided  plates  or 
prisms  and  are  of  a  deep  brown  or  black  color.  Their  cleavage 
is  very  perfect  but  in  some  cases  where  decomposition  has  begun 
they  have  lost  their  elasticity  and  at  the  same  time  have  become 
brittle.  Under  the  microscope  they  show  the  usual  characteristics, 
of  biotite.  The  optic  axis  angle  is  about  3^  and  the  optic  axes 
lie  in  the  symmetry  plane,  showing  that  the  mica  is  a  true 
meroxene  and  not  an  anomite.     Inclusions  are  rare. 

Pyroxenic  minerals. — Under  this  head  are  included  two 
forms  of  pyroxene,  namely,  diopside,  frequently  with  a  diallage- 
like  structure,  and  segirite.  The  diopside  is  in  size,  color^. 
pleochroism  and  in  fact  in  most  essential  respects  identical 
with  that  found  in  the  pulaskite  (p.  68)  but  differs  slightly 
from  it  in  that  it  has  a  darker  and  wider,  green  segiritic 
border.  The  extinction  angle  was  found  in  one  crystal  to  be  6^ 
for  the  outside  and  44^  for  the  inside.  jEgirite  also  occurs 
independently  in  large  crystals  some  of  which  are  as  much  as  & 
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mm  long  and  2  mm  in  the  direction  of  their  ortho-axes.  These 
crystals  are  of  a  brilliant  lustre  and  a  greenish  black  color  and 
are  bounded  by  the  prisms  (110)  and  the  orthopinacoid  (100). 
The  ends  appear  rough  and  show  no  truncations.  The  angle  of 
extinction  was  determined  in  a  section  cut  parallel  to  the  clino- 
pinacoid  (010)  and  was  found  to  be  4^30\  The  pleochroism  is 
not  very  marked  but  varies  between  different  shades  of  bluish 
green.  The  absorption  is  greatest  parallel  to  the  vertical  axis. 
■<i>b>C  (a  lies  nearly  parallel  to  c).*  The  distribution  of  color 
is  not  uniform  throughout  the  crystal  being  more  intense  in 
some  parts  than  in  others. 

Of  the  minerals  just  described  the  biotite  is  evidently  the 
oldest^  for  it  often  appears  completely  surrounded  by  the  segirite 
and  in  some  cases  by  the  diopside. 

Amphibole  is  entirely  wanting  in  such  sections  of  this  rock 
as  have  been  examined. 

Titanite  occurs  in  large  idiomorphic  crystals  which  in  some 
cases  attain  a  diameter  of  2  mm.  It  exhibits  the  usual  macro- 
scopic and  microscopic  characteristics. 

Magnetite  occurs  in  small  crystals  which  often  have  the  form 
of  slender  rods  whose  length  is  several  times  their  breadth. 

Apatite  occurs  in  small  prisms  slightly  stouter  than  usual, 
but  it  is  much  less  common  than  in  the  pulaskite.  It  is  included 
in  the  feldspar  and  eleolite  (or  its  decomposition  products)  and  is 
easily  recognized  by  its  parallel  extinction^  negative  double 
refraction  and  relatively  high  index  of  refraction. 

Fluorite  appears  in  a  few  sections;  it  is  of  a  purple  color  and 
perfectly  isotropic. 

Analcite  has  already  been  mentioned  under  the  head  of 
eleolite  as  being  one  of  the  more  important  decomposition 
products  found  in  this  rock.  It  occurs  in  large^  clear,  colorless 
or  slightly  yellowish  masses  which  seldom  show  any  crystal  form. 
In  a  few  cases  however  the  form  of  the  cube  (100)  and  the 
icositetrahedron  (211)have  been  clearly  distinguished  and  their 
angles  measured.  The  cleavage  parallel  to  the  faces  of  the  cube 
is  generally  visible. 

<■  U.  Bosenbiuch,  Mikrosk.  Pbysiographie.    Band  I.,  p.  454,  note. 
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In  thin  sections  the  crystals  appear  as  colorless,  transparent 
individuals  included  between  the  opaque  feldspars.  In  most  cases 
these  clear  portions  are  bounded  by  straight  lines^  but  instances 
are  not  few  in  number  in  which  the  analcite  has  been  formed  at 
the  expense  of  the  feldspar  material,  and  in  such  cases  the 
boundary  between  the  two  minerals  is  very  irregular.  The 
analcite  appears  to  have  eaten  into  the  feldspar  wherever  it 
tK)uld  get  a  chance,  and  many  feldspars  may  be  found  whose 
centers  have  become  almost  entirely  changed  into  analcite,  while 
others  have  been  eaten  away  on  one  side,  the  rest  remaining 
intact.  Small  pieces  of  analcite  have  been  detached  and  tested 
in  various  ways.  They  gelatinize  easily  with  hydrochloric  acid, 
and  show  cubes  of  salt  under  the  microscope  when  the  solution  is 
evaporated  to  dryness.  When  heated  in  a  closed  tube  a  quantity 
t>f  water  is  given  off.  Tests  for  chlorine  and  sulphuric  acid 
gave  negative  results,  so  that  it  is  evident  that  sodalite  and 
haiiyne  or  nosean  are  not  present. 

In  parallel  polarized  light  the  analcite  is  either  perfectly 
isotropic  or  shows  only  very  weak  double  refraction.  By 
means  of  a  selenite  plate  this  double  refraction  is  shown  to  be 
irregularly  distributed  throughout  the  section,  and  the  appear- 
ance is  exactly  that  which  is  usually  found  in  analcite  crystals 
t)ut  at  random. 

A  section  cut  parallel  to  a  face  of  the  cube  (100)  showed 
the  presence  of  four  sectors ;  one  pair  of  diametrically  opposite 
sectors  when  examined  under  the  microscope  with  a  selenite 
plate  appeared  yellow,  while  the  other  pair  appeared  blue. 

Small  needles  of  aegirite  of  a  second  generation  often  occur 
scattered  through  the  analcites.  The  primary  apatites  of  the 
rock  are  also  usually  quite  plentiful  as  inclusions,  but  with  these 
two  exceptions  the  mineral  in  question  is  quite  free  from  interpo- 
sitions of  foreign  material. 

In  a  few  cases  a  second  decomposition  has  taken  place,  and 
radiate  needles  are  found  inside  of  the  analcite  crystals.  These 
appear,  from  their  parallel  extinction,  negative  character, 
strength  of  their  double  refraction  and  their  association  with 
analcite  to  be  cancrinite.    They  are  extremely  minute,  being  at 
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the   most   not  over  one  tenth  of  a    millimeter   in    length  and 
not  exceeding  two  hundredths   of  a  millimeter    in    thickness, 

Tkomsonite  has  been  observed  in  direct  association  with  the 
analcite  as  a  decomposition  product  of  the  nephelineand  feldspar. 
It  occurs  in  well  bounded  crystals  when  it  extends  in  cavities  in 
the  rock,  but  it  is  usually  found  without  crjstallographic  termina- 
tions. It  difiers  from  analcite  in  showing  a  cleavage  in  only  two 
directions  at  right  angles  to  each  other,  instead  of  in  three,  and 
in  being  decidedly  anisotropic.  The  plane  of  the  optic  axes  was 
found  in  one  of  the  well  terminated  crystals  to  lie  parallel  to  the 
base  (001).  The  cleavage  parallel  to  the  pinacoids  (100  and 
010)  was  good  and  the  surface  showed  a  mother-of-pearl  lustre, 
A  microchemic  test  showed  the  presence  of  lime  and  soda. 
The  mineral  was  decomposed  by  hydrochloric  acid,  with  the 
separation  of  gelatinous  silica. 

Secondary  cegirite  occurs  in  small  prisms .  as  mentioned 
under  analcite.  They  are  often  grouped  into  radiate  masses  and 
lose  their  individual  forms,  but  when  they  occur  as  single,  iso- 
lated crystals  they  are  very  perfect  and  show  the  forms  ooP 
(110)  and  coPob  (100)  very  sharply  defined.  The  cleavage 
parallel  to  ooP  (110)  is  very  distinct.  The  extinction  appears  to  be 
nearly  parallel  to  the  vertical  axis  and  the  small  angle  of 
extinction  is  difficult  of  measurement  in  such   minute  crystals.* 

Calcite  and  kaolin  are  found  in  cases  where  the  decomposi- 
tion has  gone  very  far.  It  is  to  the  kaolinization  of  the  feld- 
spathic  minerals  in  this  rock  that  the  large  beds  of  kaolin  found 
south  of  Fourche  Mountain  are  due.  f 

From  a  chemical  standpoint  the  eleolite  syenite  (gray 
granite)  is  considerably  more  acid  than  would  be  expected,  when 
the  facts  that  eleolite  is  present  in  large  quantities  and  that  the 
rock  contains  no  quartz,  are  taken  into  consideration.  It  contains 
eight  per  cent  more  silica  than  Brogger's  laurdalite  (Syenit- 
pegmatitgange,  p.  33),  which  it  resembles  in  so  many  other  re- 
spects. The  total  amount  of  alkalies  present  is  about  the  same  as 
in  the  Norwegian  rock,   but  they  are  not  similarly  divided,  the 

*  Compare  F.  F.  Oraeff,  N.  Jahrb.  f.  Mineral.  Jahrgang  1887.,  Band.  XL,  p.  S54. 
t  See  Vol.  I.  of  the  Annual  Report  of  Oeologioal  Survey  of  Arkamas  for  1889. 
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sodium  not  being  so  much  in  excess  in  this  rock,  as  in  that  from 
Norway. 

Although  the  analyses  of  these  two  rocks  do  not  jsbow  any 
striking  similarity  they  are  set  side  by  side  for  comparison^  aod 
with  these  are  placed  several  analyses  of  eleolite  syenite  fro  mi 
other  localities. 

Analyses  of  eleolite  syenite. 


CONSTITUENTS. 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

ArkftOSM 

Norway 

Portugal  Portugal 

C.  Verd. 
Islands. 

Bnzil 

Arkansas 

Bill's... .■••M....... ............ 

TlOt 

Al-0- 

69.70 

61.90 

64.61 
0.09 

22.07 
2.88 
2.6« 
2.61 
0.88 

6.46 
7.68 
0.16 
1.18 

64.20 
1.04 

21.74 
0.46 
2.86 
1.96 
0.52 
0.11 
6.97 
8.69 

2.32 

66.76 

•••••■•••••••a* 

21.61 
1.66 
4.09 
2.26 
0.74 

66.80 

•••••• ***aa*aa* 

24.14 
1.99 

60.08 

18.86 
4.86 

22  JM 
4.08 
8.16 
8.11 
1.97 

4.72 
8.18 

•••••••••••••a* 

0.22 

20.7ft 

<l«gN^3..... ......    .............. 

Fe,0, 

FeO «. 

4.01 
0.75 

JA^\/M..«a»..».*....M.«.. ....... 

1.84 
0.68 

•■••••••••••a** 

6.97 
6.29 

1.88 

0.69 
0.18 

2.62 

0.80 

trao^ 

K.O 

6.84 
6.94 

.•••••aaa»*»aa- 

3.49 

6.79 
9.28 
.....' ......... 

1.68 

6.4S 

NiaO 

6.96 

H.O  (Iffoltion) 

0.07 
0  69 

Tot*l „.. 

99.66 

99.82 

99.81 

100.86 

101.88 

100.90 

101.07 

I.  Eleolite  syeolte  (gray  granite)  from  Fourohe  Mountain,  Ar- 
kansas, by  W.  A.  Noyes. 

II.  Laurdalite  (eleolite  syenite)  from  Lund,  Norway,  by  Q. 
Forsberg.    (Brogger,  SyenitpegmatitgiiDge,  p.  33.) 

III.  Eleolite  syenite  from  Caldas  de  Monohique,  Portugal,  by  E. 
Kaleszinsky,  (A  Merian,  **Studien  an  gesteinsbildenden  Pyroxenen^'  N. 
Jabrb.  f.  Mineral.,  Beilageband  III.,  1884,  p.  271.) 

IV.  Foyaite  (eleolite  syenite)  from  Serra  de  Moncbique  (Cerro  da 
Posada),  Portugal,  by  P.  Jannascb.  (N.  Jabrb.  f.  Mineral.,  Jabrgang 
1884.,  Band  II.,  p.  11,  also  Gesammelte  cbemiscbe  Forscbungen  von  P. 
Jannascb,  Band  I.,  Qottingen,  1888,  p.  181.) 

V.  Eleolite  syenite  from  8.  Vicente,  Cape  Verd  Islands  by  C. 
Dblter.  ("Die  Vulkane  der  Capverden  und  ibre  Produote.''  Graz,  1882, 
Cited  from  Merian,  loc.  cit.) 

VI.  Nephelinsyenit  (eleolite  syenite)  from  railway  tunnel  be- 
tween Prata  and  Caacada,  6ao  Paulo,  Brazil,  by  J.  Machado.    '*Beitrag 
zur  Petrographie  der  sudwest.  Grenze  sw.  Minas-Geraes  und  8.  Paulo.'^ 
(Min.  petrog.  Mittb.  Band  IX.,  1888,  p.  834.) 

6  Qtologioa];  Vol.  IL,  MOO. 
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VII.    Pulaskite  (blue  granite)  from  Fourohe  Moantain,  Arkausas^ 
4)y  R.  N.  Brackett. 

From  the  foregoing  description  it  is  evident  that  the  gray 
granite  is  a  true  eleolite  syenite.  It  differs  somewhat  from  the 
majority  of  eleolite  syenites  which  have  been  described  from 
other  localities  and  appears^  as  far  as  its  mineral  and  chemical 
composition  is  concerned,  to  hold  an  intermediate  position 
between  Broggers  laurdalite  and  laurvikite,  but  in  its  structure 
it  is  much  more  like  the  former. 

Special  attention  is  called  to  the  great  similarity  in  chemical 
oompjdition  between  the  pulaskite  (vii.)  and  the  eleolite  syenite 
(i)  from  Fourche  Mountain^  but  the  discussion  of  the  signifi- 
cance of  this  remarkable  resemblance  must  be  deferred  until  the 
genetic  relations  of  the  rocks  of  this  region  are  considered. 
(See  chap.  IV.  v.) 

In  connection  with  these  analyses  of  comparatively  fresh 
material  the  following  analyses  are  of  interest  as  showing  the 
composition  of  the  kaolin  mentioned  above  which  was  derived 
principally  from  this  material.  The  following  partial  analyses 
were  made  by  the  chemist  of  the  Survey  and  show  very  clearly 
the  gradual  decrease  in  silica  and  increase  in  water  as  the 
decomposition  proceeded. 

Analyses  of  decomposition  products  of  Fourche  Mountain   syenite. 


CONSTITUENTS. 


SlOa 

TlOa 

AlaOa 

FeaOa 

CaO 

MgO 

KaO 

NaaO 

HaO 

ToUl 

H2O  at  110''  CenUgrade. 


I, 


Decomposed 
Syenite. 


5^.50 


25.71 
8.74 
0.44 

Trace 
1.96 
1.87 
5.85 


97.57 


II. 


Decomposed 
Syenite. 


50  65 
0.06 

26.71 
4.87 
0.62 
0.21 
1.91 
0.62 
8.68 


94.38 


III. 


Kaolin. 


46.27 


88.67 
1.36 
0.84 
0.25 
0.23 
0.87 

18.61 


101.00 
1.57 
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I.  Decomposed  syenite  from  railway  out  2  miles  north  of  Sweet 
Home. 

II.  Decomposed  syenite  from  railway  cut  2  miles  north  of  Sweet 
Home  (another  specimen). 

III.  Kaolin  from  1  S.,  12  W.,  section  9. 

Another  product  formed  by  the  breaking  down  of  this  or 
more  probably  of  the  pulaskite  (blue  granite)  has  been  described 
as  occuring  at  two  points  about  the  mountain  (pp.  23  and  26)  • 
In  both  ofthese  exposures  the  material  has  been  consolidated  into 
a  comparatively  hard  rock  and  the  particles  are  cemented 
together  by  secondary  silica  of  both  cryptocrystalline  and 
<}halcedonic  varieties. 

Under  the  microscope  the  fragments  of  orthoclase  in  this 
rock  show  very  decidedly  their  detrital  origin.  In  some  cases 
they  are  comparatively  fresh,  while  in  most  specimens  they  are 
very  much  decomposed.  They  often  show  only  a  cast  of  their 
original  form  consisting  of  iron  oxide^  secondary  muscovite 
and  kaolin. 

In  some  cases  irregular  fragments  of  siliceous  shale  have 
been  observed  lying  among  the  fragments  of  feldspar  but  they 
are  as  a  rule  quite  scarce. 

A  partial  analysis  of  the  less  siliceous  variety  of  this  rock, 
which  occurs  as  described  on  page  23,  was  made  by  the  chemist 
of  the  Survey,  with  the  following  results: — 

Analysis  of  detrital  material. 

SiO, 66.84 

AlA 22.82 

FeA 2.70 

Ignition 2.93 

By  diff.  (GaO  alkalies,  etc.)...  5.71 

.     Total 100.00 

It  is  probable  that  the  variety  described  on  page  26  would 
give  a  much  larger  percentage  of  silica. 

C.    Sjenitic  Bike  Rocks. 

1.      Brown  Granite.  {Eleolite  Syenite  Dike  Rock). 
Under  the  head  of  brown  granite  are  included  two  of  the 
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syenitic  dikes  which  are  found  southeast  of  Fourche    MountaiD 
(p.  25).      They  form  narrow  bands  not  often   exceeding  6  m 
(20  feet)  in  width  and  are  so  weathered  that  nothing  but  a  line 
of  boulders  remains  to  show  where  the  dike  once  was.     Although 
occurring  only  in  boulders  this   rock  has  been  used  to  som& 
extent  as  a  building  stone.     The  basement  wall  of  the  Pulaski 
county  court  house  and  a  large  portion  of  the    Roman  Catholia 
cathedral  in    Little  Rock  are  built  of  it.     It  presents  a   very^ 
pleasing  contrast  to  the  blue  granite  (pulaskite)  which  is  used  in 
the  superstructure  of  the  court  house.      In   the   case    of  the- 
cathedral,  where  it  has  been  used  indiscriminately  in  the  wall 
with  the  blue  rock  of  both  coarse  and  fine  grain^  the  effect  is  not 
nearly  so  good. 

Another  rock  which  belongs  to  this  group,  is  that  which, 
forms  the  bosses  and  boulders  between  Fourche  Mountain  proper 
and  the  ridge  next  south  of  it  (p.  20).  It  is  of  a  lighter  more 
decidedly  gray  color  than  most  of  the  brown  granite  but  still  has* 
the  structure  and  general  characteristics  of  the  dike  rock. 

a.     Physical  Properties. 

Structure  and  color, — This  rock  is  of  a  grayish  brown  color 
and  presents  a  somewhat  porphyritic  appearance.  *  The  most 
conspicuous  crystals  are  comparatively  large  [15-30  mm]  feld<^ 
spars,  which  are  tabular  parallel  to  the  symmetry-plane,  and 
which  give  a  trachytic  appearance  to  the  rock.  These^ 
crystals  often  have  a  bluish  center  consisting  of  a  fresh  glassy 
material,  while  the  outside  is  reddish  brown  and  dull.  This^ 
imparts  a  mottled  appearance  to  the  rock  when  seen  near  by,  bat 
which  is  lost  when  the  rock  is  viewed  at  some  distance.  This^ 
alteration  in  color  from  the  center  of  the  crystals  to  the  outside 
is  probably  due  to  the  action  of  weathering,  for  in  some  cases  the 
rock  is  so  fresh  that  these  variations  do  not  appear. 

Strength. — Since  this  rock  has  been  used  as  a  building  stone^ 


this  rock. 


*  The  lithograph,  plate  1  (frontiBpieoe)  showi  the  appearance  of  a  polished  stirfaoe  oft 
k. 
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a  block  of  it  was  tested  in  the  same  way  that  the  blue  and  gray 
varieties  were^  and  with  the  following  results : — 
Pressure*  per  square  inch  under  which  cube 

crumbled 21,000     lbs. 

Corresponding  pressure  per  square  inch  in  2 
inch  cubes,  calculated  by  cubic  parabola 

formula 25,000     " 

The  specimen  upon  which  this  test  was  made  was  not 
perfectly  fresh  and  was  badly  jarred  in  its  preparation,  so  that 
in  all  probability  a  fresh  specimen  of  this  rock  would  stand  even 
more  pressure  to  the  square  inch  than  the  one  used. 

The  other  physical  properties  determined  are  as  follows : — 

Absorptiveness 1  :  161 

Speoific  gravity ~  2.521 

Weight  per  cubic  foot 157.6  lbs. 

Weight  per  cubic  meter.. 2524.47  kilos 

b.     Crystallographic,  Microscopic  and  Chemical   Investigation. 

Structure. — The  structure  of  the  eleolite  syenite  dike  rock 
is  hypidiomorphic  granular.  The  orthoclase  is  the  most 
important  constituent  and  generally  forms  large  tabular  crystals 
which  are  allotriombrphically  bounded  when  they  come  in  con- 
tact with  the  basic  silicates  or  with  each  other,  but  are  idiomor- 
phic  where  they  come  in  contact  with  eleolite  or  its  decomposi- 
tion product,  analcite.  These  tabular  feldspars  give  a 
trachytic  f  appearance  to  the  rock. 

From  its  occurrence  in  dikes  it  is  evident  that  this  rock 
belongs  to  the  group  of  intrusive  rocks.      Its  structure  is  such 

■ 

*  As  on  p.  78  the  aotaal  resalts  of  the  tests  before  reduction  tre  represented  bj  the 
following  figures:— 

Area  over  which  pressure  was  distributed ..m..    1*426   sq.  inches 

Pressure  under  which  the  cube  crumbled ^ 80,000  lbs. 

t  BrOgger  (Sjenltpegmatitf^nge,  p.  89)  suggests  that  the  name /oyaite  be  applied  to  such 
rooks  baring  a  trachytic  structure,  and  at  the  same  time  he  states  that  such  rook  has  nothing  in 
common  with  the  roek  now  bearing  that  name. 

The  writer  is  unwilling  to  adopt  Brdgger's  name  as  it  seems  to  lead  to  confusion  by 
Jiaring  one  name  for  two  diftereat  rooks  of  the  same  group.  If  a  name  for  such  rocks  having  a 
trachjtlo  structure  Is  required,  some  new  name  should  be  chosen  which  has  no 
established  meaning.  In  this  report  and  until  some  such  name  is  suggested  the  writer  has 
chosen  to  use  the  expresstou  tleolUe  tyenite  dUk  roekf  as  ezprseslng  the  coarse  grained  bypU 
iomorphie  granular  structure  of  the  rock  and  Its  occurrence  as  an  IntrusiTO  dike. 
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that  it  falls  into  the  class  of  granitic  eleolite  dike  rocks,  and 
forms  an  additional   example  of  this   rare   rock.* 

Orthoolaae  as  has  already  been  stated  occurs  in  crTstals 
which  are  tabular  parallel  to  the  clinopinacoid  (010)  and  consist 
of  a  bluish,  transparent  center,  surrounded  bv  a  pinkish  or 
brownish,  opaque,  outer  coating.  The  larger  crystals  are  often 
15  to  30  mm  in  their  greatest  diameter  but  not  more  than  3  or 
4  mm  in  thickness.  They  are  bounded  by  the  faces  ccPSo  (010)^ 
ooP  (110),  OP  (001;,  and  +2 Poo  (201).  Under  the  microscope 
the  difference  between  the  transparent  center  and  the  opaque 
outside  is  very  marked.  The  two  portions  are  not  separated 
from  each  other  by  a  sharp  line  but  penetrate  one  into  the 
other  and  shade  gradually  into  each  other.  In  the  case  of 
many  of  the  smaller  crystals  the  whole  section  has  become 
opaque.  The  cleavage- cracks  parallel  to  the  base  (001)  and 
clinopinacoid  (010)  are  very  distinct  in  such  opaque  crystals,  and 
appear  as  white  lines  in  a  gray  ground.  The  cracks  parallel 
to  the  base  are  sharp  and  straight,  while  those  parallel  to  the 
vertical  axis  more  often  appear  as  if  they  were  simply  lighter 
bauds,  still  very  narrow,  but  not  showing  the  same  sharp  edge 
that  those  parallel  to  the  base  (001)  exhibit.  Twins  according 
to  the  Carlsbad  law  are  not  uncommon,  but  twinning  lamellae 
showing  the  interposition  of  trielinic  feldspar  have  not  been 
observed.  Inclusions  of  apatite,  magnetite  and  basic  silicates 
have  been  observed  and  in  some  cases  the  latter  are  seen  to  have 
been  altered  to  serpentine. 

Biotite  appears  in  considerable   quantity,  and   is  in    every 
respect  similar  to  that  found  in  the  eleolite  syenite  (p.  77), 

Pyroxene  appears  to  consist  principally  of  diopside,  which  is- 
here  almost  identical  with  that  described  in  the  pulaskite  (p. 
61).  The  green  edge  or  border  is,  however,  in  this  case  wider  and 
more  prominent  than  in  the  mineral  already  described.  The 
border  shows  a  small  extinction  angle,  which  indicates  its  segiritic 
character.  The  inclusions  are  similar  to  those  of  the  already 
described  mineral.  In  several  cases  this  mineral  has  been  found 
broken   in    two   and  the    crack  filled   with    intruded     eleolitio 

*  See  Mikros.  Phjsiog.,  Bosenbusch,  Band  II.,  p.  277. 
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material.     The  break  shows  that  there  was  a  not  inconsiderable 
dynamic  force  brought  to  bear  upon  the  rock  after  the  basic: 
silicates   were  formed  and  before  the  final   solidification  took 
place. 

Amphibole  is  entirely  wanting  in  the  sections  which  have* 
been  examioed. 

The  biotite  and  pyroxene  are  grouped  together  in  much  the- 
same  way  as  they  are  in  the  pulaskite.  The  biotite  is  always 
the  older  and  is  often  included  by  the  pyroxene. 

Eleolite  holds  a  similar  position  to  the  other  minerals  that  it 
did  in  the  pulaskite,  but  it  is  here  much  more  important.  It 
is  in  almost  all  cases  altered  to  analcite. 

ApatiUj   titanUe  and  magnetite  are  all   present  in  large 
idiomorpbic    crystals,   but    show    no    peculiarities   worthy   of 
description. 

Alteration  'products. — The  eleolite  has  in  a  great  part  bee]> 
altered  to  analoitej  as  is  the  case  in  the  pulaskite,  but  as  its- 
optic  anomalies  and  other  microscopic  characteristics  are 
virtually  identical  with  those  there  enumerated  the  description- 
need  not  be  repeated. 

Serpentine  indicates  the  beginning  of  decomposition  in  the^ 
basic  silicates  of  some  of  the  less  fresh  specimens  of  the  rock* 
In  many  cases  the  dark  silicates  are  surrounded  by  a  narrow 
band  of  serpentine.  In  the  orthoclase  crystals  small  spots  of 
serpentine  are  occasionally  found,  which  indicate  that  some 
small  included  basic  silicates  have  been  entirely  converted  into 
this  substance. 

Canerinite  has  been  observed  here  and  there  in  very  minute 
grains*. 

Calcite  has  in  one  or  two  cases  been  observed  in  association' 
with  eleolite  or  analcite  and  it  evidently  marks  the  last  stage  of 
the  alteration  of  that  mineral. 

Chemicai  constitution. — This  brown  dike  rock  is   in  some 
respects   related   to   both  of  the  already  described  varieties  of 
syenite.   In  its  general  appearance  it  resembles  the  pulaskite  more 
than  it  does  the  eleolite  syenite,  but  in  the  microscopic  investi- 

*  For  a  description  of  this  mio«ral  see  chapter  VII.  u.  B.  1. 
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gatioDS  it  is  seen  to  have  more  the  structure  and  charaoteristics  of 
the  latter.  The  analyses  of  the  palaskite  and  eleolite  syenite 
are  so  similar  that  no  distinctive  points  can  be  found. 

An  analysis  of  this  dike  rock  made  by  the  Sarvey^ 
W.  A.  Noyes^  analyst,  gives  the  following  figures  (analysis 
i)  which  are  placed  side  by  side  with  those  of  the  blue 
and  gray  rocks  for  the  convenience  of  comparison.  Analysis  n 
•is  a  determination  of  the  silica  in  the  grayish  variety  of  dike  rock 
(pp.  20  and  84)  by  R.  N.  Brackett.  It  shows  that  the  silica  is  in 
this  case  about  one  per  cent  higher  than  in  the  reddish  brown 
variety  of  the  dike  rock.  After  a  careful  search  no  quartz  was 
found  in  this  grayish  variety  of  the  dike  rock,  but  the  eleolite  was 
seen  to  be  larger  and  more  important  than  is  common  in  the 
brown  variety.  This  would  suggest  a  lower  percentage  of  silica 
instead  of  a  higher  one,  as  found. 

Tahle  showing  composition  of  syenites  of  Fourche  Mountain. 


I. 

IL 

III. 

IV. 

CONSTITUENTS. 

Dike   rock, 
(brown.) 

Dike    rock. 
(gr»7.) 

Eleolite 
syenite. 

Pulukite. 

SiO, 

69.28 

19.98 

4.72 

61.10 

69.70 

18.86 

4.86 

60.08 

AUG, ^^ 

20.76 

Fe.O.    

4.01 

FeO 

0.75 

CaO 

2.41 
1.10 
6.76 
6.47 

1.84 
0.68 
6.97 
6.29 

2.62 

MkO 

0.80 

K,0 

6.48 

N»aO 

6.96 

p  a 

t 

0.07 

H|0  (IgniUoD).,. 

1.88 

1.88 

0.69 

Total... 

100.06 

09.66 

101.07 

I.  Eleolite  syenite  dike  rock  (brown  granite),  S.  E.  of  Foorohe 
Mountain  region  N.  E.  of  section  35.  Reddish  brown  variety.  AnaL 
by  W.  A.  Noyes. 

n.  Same.  South  of  Fourche  Mountain  proper.  On  line  between 
sections  18  and  19,  and  one  quarter  mile  east  of  township  line.  SUioa 
by  R.  N.  Brackett, 
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m.  Eleolite  syenite  (gray  granite).  S.  W.  i  of  section  26. 
^nal.  by  W.  A.  Noyes. 

IV.  Pulaskite  (blue  granite.)  Inside  of  Fourche  Covei  8.  W.  i 
t>f  section  13.    Anal,  by  Brackett  and  Smith. 

From  its  geologic  position  and  physiographic  relations 
it  appears  as  if  this  brown  rock  were  simply  forced  into  narrow 
xsracks  in  the  Paleozoic  shales^  while  the  eleolite  syenite  formed 
41  much  larger  mass  of  similar  material,  which  cooled  slower  and 
under  pressure.  Its  occurrence  as  dikes  would  place  it  among 
the  older  intruded  rocks^  while  its  structural  features  suggest  that 
'it  might  belong  to  the  eleolite  syenite  proper. 

In  its  microscopic  appearance  this  rock  is  almost  identical 
'with  Brogger's  nordmarkite  (Syenitpegmatitgange,  p.  54.)  The 
latter  is  a  quartz  syenite^  while  the  brown  rock  from  Arkansas 
'shows  no  quartz  whatever.  The  chemical  composition  of  the 
'two  rocks  isy  however,  quite  similar  as  is  shown  by  a  com- 
j>arison  of  the  analyses. 

^Comparison  of  analyses  of  syenite  from  Arkansas  and  Norway. 


OONSTITUENTS. 


•Sios.... 
A1,0,. 
Fe.O.. 
<3»0.... 
MgO... 
KaO.... 


>••  ■•••«••••  »•«••• 


HtO(i|^itloii)  .•«••• ••••••• 


Total.. 


I. 

11. 

Dike  rock 

(browo) 

Ark. 

Dike  rock 

59.28 
19.98 
4.72 
2.41 
1.10 
5.76 
5.47 
IJBS 

61.10 

.•..•M.******«»« 

•••••••••••••••••a 

100.05 

III. 


Nordmark- 
ite. 
Norway. 

•0.45 
20.14 

8.80 

1.68 

1.27 

5.12 

7.28 

0.71 
100.40 


I.  Eleolite  syenite  dike  rock  (brown)  Fourche  Mountain,  Ar- 
kansas. Anal,  by  W.  A.  Noyes. 

n.  Eleolite  syenite  dike  rock  (gray)  Fourche  Mountain,  Arkan- 
^aas.    Silica  by  R  N.  Brackett. 

m.  Nordmarkite  (quartz  syenite).  Principal  rock,  between 
Xoken  and  AuerCikl,  Norway.  Anal,  by  G.  Forsberg  (Syenitpegmatit- 
.^ange,  p.  67). 
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The  similarity  in  the  macroscopic  appearance  of  these  twa 
rocks  was  first  noticed  by  Professor  Bosenbuschy  of  Heidelberg,. 
who  called  the  writer's  attention  to  it,  and  through  the  kindnesa 
of  Dr.  George  H.  Williams  of  Johns  Hopkins  University,  Balti- 
more, the  writer  was  enabled  to  compare  specimens  of  the  twa 
rocks. 

When  microscopically  examined  these  two  rocks  are  not  aa 
similar  as  their  macroscopic  appearance  and  chemical  oomposi* 
tions  would  suggest.  Nordmarkite  contains  a  large  amount  of 
microperthitic  orthoclase,  considerable  quartz  and  comparatiyely 
few  basic  silicates.  Pyroxenes  of  the  diopside  series  form  the^ 
greater  part  of  the  basic  silicates^  but  segirite  is  also  very  oommon 
and  hornblende  of  the  arfvedsonite  series  is  seldom  if  everabDent^. 
Biotite  is  often  present  in  large  quantities. 

It  appears^  therefore,  from  the  above  description  thai  the^ 
Arkansas  ''brown  granite^'  differs  very  materially  from  the> 
Norwegian  nordmarkite  not  only  in  the  absence  of  qaartz  and 
the  presence  of  eleolite  but  also  in  the  relative  quantities  and  the> 
characters  of  the  basic  silicates  present. 

The  similarity  of  this  rock  in  its  structure,  mineralogio- 
components  and  mode  of  occurrence,  to  Brogger's  foyaU& 
(Syenitpegmatitgaoge  p.  39)  has  already  been  noted  (p.  85)  aiyi 
commented  upon. 

^.     Miarolitic  Dikes, 
a.     Miarolitic  Eleolite  S>'enite  Dikes. 

Under  the  head  of  miarolitic  eleolite  syenite  are  classed 
those  coarsely  crystalline  dikes,  which  have  been  described  aa 
occuring  along  the  northeast  ridge  of  Fourche  Mountain  and  at 
the  southeast  corner  of  the  mountain^  as  well  as  those  which 
penetrate  the  fourchite  and  shales  at  the  south  end  of  Allis 
Mountain  near  its  summit.  They  usually  occur  as  very  much 
weathered  boulders  and  in  narrow^  vein-like  masses  cutting 
through  other  rocks. 

Macroscopic  structure, — Where  the  igneous  rock  has  oome^ 
through  other  igneous  rock,  as  on  the  top  of  Fourche  Mountain  j^ 
it  is  much  coarser  grained  than   where  it  has  formed    narrow 
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dikes  ID  the  Paleozoic  rock.  In  both  cascs^  however^  the  rock 
appears  to  be  completely  coarse-crystalliDe  with  no  tendency^ 
whatever  towards  a  porphyritic  structure.  The  structure  of 
both  the  coarse-  and  fioe-grained  dikes  may  be  designated  as 
panidiomorphic  granular  and  may  usually,  be  further  character- 
ized as  being  in  a  high  degree  miarolitic. 

Specific  gravity  and  ab8orptivene88. — The  specific  gravity  and 
absorptiveness  of  this  rock  as  determined  on  both  coarse  and  fine^ 

grained  material  gave  the  following  figures  : — 

8p.  Gr.       Absorptiveness 

Coarse-grained  rock 2.422  1  :  73 

Fine-grained  rock....^ 2.315  1  :  21.5 

Color. — The  color  of  the  rock  varies  greatly  with  its 
texture ;  in  the  coarse-grained  varieties  the  color  is  grayish 
and  often  becomes  nearly  black,  in  consequence  of  dark  stains 
of  manganese  on  the  surface.  The  fine-grained  rock  is,  on  the 
other  hand,  usually  of  a  yellowish  color,  which  is  due  for  the 
most  part  to  a  hydrous  oxide  of  iron  formed  by  the  weathering 
of  the  iron  ores  and  basic  silicates. 

Feldspar  crystals  range  from  10  to  20  mm  in  their  greates  t 
diameter  and  are  tabular  parallel  to  the  clinopinacoid  (010)* 
They  have  usually  been  changed  to  a  great  extent  into  kaolin^ 
but,  in  the  coarser  specimens,  an  unaltered  center  is  often  visible. 
Carlsbad  twins  are  very  common  and  are  the  rule  rather  than 
the  exception.  The  feldspars  show  by  their  numerous  micro- 
scopic twinning  lamellae  that  they  are  not  simple  orthoclase 
crystals,  but  a  microperthitic  intergrowth  of  orthoclase  and 
albite.  In  many  cases  albite  appears  to  have  formed  from  the. 
decomposition  of  the  orthoclase  and  to  be  present  in  somewhat 
fresher  crystals  than  the  latter.  Cases  occur  in  which  both  the 
albite  and  pericline  laws  of  twinning  are  in  force  at  the  same 
time. 

Biotite  occurs  in  thick,  six-sided  plates  6  mm  or  more 
across.  They  are  bounded  by  the  faces  OP  (001),  ooPcb  (010)>. 
and  -P(lll). 

AmphiboU  occurs  in  black  lustrous  prisms  about  8  mm  long^ 
and  of  one-fifth  that  width.     Isolated  crystals  showed  under  the^ 
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microscope  the  faces  ooP  (110),  ooPdo  (010)  and  probably  ako 
Pdo  (Oil)  and  OP  (001).  The  yellowish  and  bluish  isrreen  pleo- 
chroism  and  the  extinction  angle  of  approximately  20^  indicate  t 
mineral  of  the  arfvedsonite  group. 

Sphene  and  apatite  occur  in  large  idiomorphic  crystals. 

Eleolite  occurs  in  the  less  weathered  specimens  in  some- 
what the  same  form  in  which  it  appeared  in  the  eleolite  syenite 
'(gray  granite).  It  forms  the  filling  between  the  feldspar  crystabi 
but  instead  of  being  entirely  allotriomorphic  as  in  the  preoeed- 
ing  cases,  it  here  shows  some  tendency  toward  idiomorphism. 
In  cases  where  it  is  very  plentiful,  however,  it  gives  to  the  rock 
a  decidedly  granitic  structure.  It  is  generally  altered  to  analcite, 
and  in  specimens  from  near  the  surface  it  is  entirely  wanting, 
having  been  altered  into  soluble  compounds  and  dissolved  out  by 
the  surface  waters. 

It  seems  probable  that  the  coarse-grained  dikes  which  cot 
the  pulaskite  were  formed  by  the  pressing  up  of  the  still 
fluid  magma  from  the  interior  through  a  narrow  crack  in  the 
already  hardened  but  still  hot  pulaskite  and  that  thns^  to  i 
-certain  extent,  these  igneous  dikes  resemble  true  pegmatite  dikes.* 
In  this  way  the  younger  material  was  warmed  from  the  sides 
and  was  allowed  to  cool  slowly  and  to  form  the  coarse  grained, 
completely  crystalline  dikes  just  described.  In  the  ease  of  the 
narrow,  panidiomorphic  granular  dikes  in  the  Paleozoic  shales, 
the  only  explanation  which  appears  tenable  is  that  suggested  by 
Brogger  (Syenitpegmatitgange,  p.  282)  for  the  Norwegian  syenite 
pegmatite  dikes  in  similar  situations,  namely ;  that  they  were 
forced  from  below  into  cracks  in  the  already  heated  shales  and 
there  cooled  slowly,  forming  a  comparatively  coarse-grained, 
-uniform  panidiomorphic  dike. 

*  According  to  Brdgger  (Syenitp^outtltgiSnge,  p.  215)i  the  flcst  aathor  to  Adraiioe  this 
theorj  for  the  formation  of  pegmatite  dikes  was  Oharpentier,  in  the  jear  182S.    In  his  '*  Esid 
'  sar  la  constitution  g(k>gnostiqae  des  Pyrenees**  the  latter  says,  "the  sjealte  pegmatite  dikes 
-are  fissure  dikes  which  were  formed  immediately  or  rery  soon  after  the  eolidiflcation  of  the 
including  granite."    (Translated  from  Br5gger,  loc.  cit.,  p.  216,  who  in  tarn  cited  from  C.  F. 
Na  umann,  Lohrbuch  d.  Geognosie,  Band  II.,  1862,  p.  282.)     They  were  therefore,  "injections  of 
granitic  material  which,  coming  from  the  still  liquid  granite  below,  waa  pressed  into  the 
racks  of  the  already  solidified  granite  abore,— this  is  true  also  of  the  later-formed  masses  of 
^e  same  granite  formation,—  within  whose  confines  they  appear"  (Neumann  loc  oit.,  tranda* 
«ted  from  the  citation  of  Brogger,  loc.  cit.) 
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b.     Miarolitic  Quartz  Syenite  Dikes.* 

Before  leaving  the  subject  of  the  feldspathic  dike  rocks  it  is 
necessary  to  describe  two  varieties  of  dikes  which  may  well  be^ 
designated  as  quartz  syenites.     These  occur  in  the  form  of  dikea. 
and  independent  masses   at  several  points  about  the  Fourch^ 
Mountain  region.    Thus,  for  example,  may  be  mentioned  the- 
large  dike  on  the  west  side  of  Fourche  Mountain  proper  (p.  29)^. 
which  consists  of  this  material,  and  the  loose  boulders  and  other 
masses  on  the  west  bank  of  the  Little  Fourche  Bayou  (pp.  27-28)^ . 
as  well  as  the  fine  grained  dike   found  in   the  quarry  of  the 
Little  Rock  Granite  Company  (p.  20).     From  the  arrangement, 
of  the  minerals  in  this  rock  and  the  mode  of  occurrence  of  these 
dikes  the  rock  may  be  considered  aplitic  in  its  structure.    These^ 
dikes  may  be  divided  into  two  classes  which   differ  from  each 
other  principally  in  the  size  of  the  individual  crystals  and  the  • 
form  in  which  the  quartz  appears. 

(/)   Ooane'grained  quartz  syenite  dikes. 

The  dike  on  the  west  side  of  Fourche  Mountain  proper  may 
be  taken  as  a  type  of  this  class. 

Macroscopio  and  Microscopic  Characteristics. — The  coarse- 
grained quartz  syenite  occurs,  as  already  stated,  principally  in 
the  form  of  huge  boulders  and  much  weathered  masses  from, 
which  it  is  almost  im[/ossible  to  obtained  fresh  specimens.  The 
rock  is  gray  or  pink  in  color  and  characterized  at  once  by  the 
macroscopicftilly  easily  recognizable  quartz  grains.  Under  the 
microscope  it  consists  of  a  granular  combination  of  quartz,  ortho- 
clase,  plagioclase  and  the  remnants  of  some  now  indistinguish- 
able basic  silicate. 

Quartz  usually  appears  in  allotriomorphic  grains,  whicb. 
often  show  a  tendency  to  idiomorphism  by  an  indication  of  a 
dihexahedral  form  on  the  larger  grains. 

*  The  Urm  qumis  iff&nU€  is  iiMd  in  place  of  the  name  graniU,  in  order  to  ezprete 
the  fact  that  the  roeka  in  qaestlon  are  genetically  anociated  with  the  lyenite  group,  and  not 
with  tme  Rranitee.  In  thie  oonneoUon  BrOgger  remark!  (Sxenitpegmatitginge,  p.  60,  foot  note  >. 
that  he  oonaiden  that  the  line  hetween  ijenite  and  granite  should  be  determined  bj  the 
amount  of  lUiea  whieh  the  rook  oontalna  and  not  bj  the  presence  or  absence  of  indiTldnaliaed 
qoarta.    He  places  the  eritioal  amount  of  silica  at  86  per  cent. 


94  ANNUAIi  REPORT  STATE  GEOLOGIST. 

On  one  specimen,  a  left-handed  quartz  crystal  not  exceeding 
2  mm  in  length,  the  following  faces  were  determined  : — 
+  Rx{10l\),'R  x(OlIl);  +3i2;f(3031),  +iR  x(4041), 

ocfi  ;f(10I0),  +^5  I     r;f(5l6l),  +^  I  rx(3l41). 

4  4 

This    crystal  extended    into  a   miarolitic  cavity    and    was   of 

-secondary  origin,  as  are  most  if  not  all  of  the  idiomorphically 
bounded  crystals.  The  allotriomorphic  crystals  are  partly 
primary  and  partly  secondary  in  their  origin. 

Under  the   microscope  the  crystals  extinguish  sharply  io 
parallel  polarized  light  and  both  the  double  refraction  and  index 
refraction  are  low.     In  sections   which   remain  dark    between 
crossed  nicols  during  a  complete  revolution  of  the  stage  a  black 
cross  without  rings  appears  when  the  crystal  is  examined  in  con- 
vergent light.     This  cross  when  tested  with  a  mica  plate  shows 
the  positive  character  of  the  double  refraction.      The  quartz  is 
clear  and  colorless  in  ordinary    light.      Large    fragments  and 
rounded  crystals  of  orthoclase  are  sometimes  included  in  it  and 
besides  these  a  great   number  of  liquid  inclusions  occur.     The 
latter  are  often  arranged  in  straight  lines  passing  through  the 
crystals  in  various  directions.     The  inclusions  are  of  two  kinds, 
large  irregular  ones,  which  sometimes  reach  a  diameter  of  0.1 
mm  and  small  ones,  which  show  a  crystal  form  and  seldom  if 
ever   exceed  0.01  mm  in   length.      Both  classes  of  inclusions 
usually  contain  stationary  bubbles  which  are  often  more  than 
half  the  size  of  the  cavity.  In  addition  to  these,  inclusions  of  minute 
,black  rods  are  quite  frequent  and  they  are  usually  arranged  in 
such  a  way  as  to  suggest  that  they  are  the  remnants  of  some  pre- 
existing mineral.     Thus  they  are  often  found  lying  regularly  in 
lines  parallel  to  each  other  as  if  representing  the  cleavage-cracks 
of  some  decomposed  crystal.      These  parallel  rows  of  parallel 
rods  are  generally  terminated  at  such  points  as  to  indicate  the 
position  of  a  bounding  face  of  the  crystal  making  an  angle  with 
the  direction  of  the  rods.      This  appearance  is  heightened  by  a 
number  of  small  rods,  all  still  lying  in  the  same  direction,  but 
close  enough  together  to  form  a  lateral  band  along  the  terminal 
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plane  (Fig.  8).  It  is  probable  thai  these  are  the  skeletons 
x)f  some  basic  silicate  or  of  an  orthoclase 
crystal  whose  substance  was  gradually  sub- 
stituted by  the  secondary  quartz.  These 
skeletons^  if  they  may  be  so  called,  pass  through 
without  interruption  from  one  grain  of  quartz      fik-s.   Quartz  araitu 

,  ..xuriJ  (^  20\  showing  indusions 

to  another,  but  never  into  the  feldspars.  qf  tiackHMa forming  akeu- 

^  ton   of    tome    decomposed 

The  primary  and  secondary   quartz  in-  »»<»»««»'• 
xlividuals  have  been  described  together  because  in  this  altered 
rock  it  has  been  impossible  to  separate  them. 

Orthoclase  appears  in  idiomorphically  bounded  crystals 
where  it  comes  in  contact  with  the  primary  quartz.  It  is  stout 
prismatic  in  form  and  shows  the  faces  6oP  (110),  ooPdo(OlO), 
OP  (001)  and  perhaps  +2Pob(20T).  It  has  not  been  found  in 
fresh  crystals  but  in  all  cases  shows  the  beginning  of  kaolini- 
^ation.  Notwithstanding  this,  however,  the  microperthitic 
intergrowth  of  albite  with  the  orthoclase  material  is  clearly 
shown  by  the  irregular,  patchy  and  wedge-shaped  lamellae, 
which  have  an  angle  of  extinction  different  from  that  of  the 
rest  of  the  mineral.  The  orthoclase  contains  a  great  many 
inclusions,  liquid  and  gaseous  as  well  as  solid;  these  all  seem 
to  follow  the  cleavage  cracks,  and  in  the  case  of  the  solid 
particles,  they  often  mark  out  the  skeleton  of  the  feldspar 
itself  as  was  described  above  in  the  case  of  the  skeletons  in- 
<;luded  in  the  quartz. 

PlagioclcLse  has  only  been  observed  in  a  few  small  crystals 
which  show  distinct  twinning  lamellae  running  straight  through 
the  crystals.  These  give  extinction  angles  varying  from  10°  to 
20^  with  the  composition  plane,  when  seen  in  plates  parallel  to 
the  base,  and  hence  the  crystals  are  probably  close  to  labradorite 
in  composition.     They  are,  however,  distinctly  accessory. 

The  basic  silicates  have  usually  been  altered  into  a  reddish 
brown,  hematite-like  substance  and  are  very  hard  to  identify. 
Some  of  the  sections  made  up  of  hematite  have  nearly  right 
angled  corners,  and  therefore  show  some  evidence  of  having 
been  at  one  time  pyroxene  of  some  kind.  Fresher  specimens 
«how  that  the  mineral  is  aegirite. 
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Chemical  composition, — An  analysis  of  the  quartz  syenite  dike 
rock  was  made  by  the  survey,  R.  N.  Brackett,  analyst.  In  order 
to  obtain  a  fair  sample  from  this  coarse-grained,  variable  rock,, 
a  quarter  of  a  kilogram  of  the  freshest  material  obtainable  from 
the  dike  on  the  west  side  of  Fourche  Mountain  proper,  waa 
powdered  in  a  steel  mortar,  passed  through  a  40  mesh  seive  and 
well  mixed.  The  quantity  requisite  for  an  analysis  was  takea 
from  this  material  and  finely  powdered  in  an  agate  mortar. 

The  results  obtained  from  this  analysis  are  as  follows : — 

Analysis  of  coarse-grained  quartz  syenite  dike. 

SiO., 64.63 

AlA 18.15 

FeA 8.06 

MnO 1.00 

CaO 1.54 

MgO 0.50 

KjO 4.79 

Na^O 6.80 

H2O  (Ignition) 1.08 

Total 100.64 

The  analysis  shows  that  probably  more  plagioclase  is  present 
than  the  microscopic  investigation  indicated.  The  presence  of 
one  per  cent  of  manganese  is  peculiar.  In  the  next  rook  de- 
scribed, which  is  one  to  which  this  one  is  closely  related,  the 
amount  of  manganese  contained  is  much  greater.  The  compare 
atively  high  per  cent  of  silica  and  low  water  show  that  the  quarts 
is  not  all  of  secondary  origin  and  leached  out  of  the  other  min- 
erals, but  that  the  rock  is  constitutionally  richer  in  silica  than 
the  eleolite  syenite  and  pulaskite. 

There  is  little  doubt  but  that  the  eleolite  syenite  dikea 
and  the  quartz  syenite  dikes,  were  formed  from  essentially  the 
same  magma  and  that  either  by  an  absorption  of  silioa  from 
the  neighboring  sedimentary  rocks  during  its  intrusioDy  aa 
in  the  case  of  the  dike  on  the  west  side  of  the  Little  Fourohe 
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Sayou,*  the  quartz  syenite  became  more  acid,  or  else  that  this 
increafie  of  silica  is  due  to  some  as  yet  unexplaioed  alteratioa 
ID  the  magma  itself. 

(2)  J^ne-grained  quaiii  tyenite  dikes. 
The  type  of  this  class  of  rock  is  the  fiae-grained  miarolitio 
dike  exposed  on  the  south  side  of  the  quarry  of  the  Little  Rock 
Granite  Company.  The  dike  lias  broken  through  the  pulaskite 
(blue  granite)  and  has  followed  a  crack  or  joint  which  dips  about 
40°  to  the  north.    See  lig.  4. 


Fig  i.—SectIm  Ihraugh  HUqaany  r/l^e  LUIIa  Roit  GnniUt  Cmpany,  ihojcing  poiilim 

A.    Blue  gnsiUi  (pulMkltc).  B.    Quirry. 

C.    Flnc-grklDtdqu»ti  (Tsaltadlke.  D.    Sand  and  loam  (Plclgtocsiw). 

The  surface  of  contact  between  the  two  rucks  is  marked  by 
a  decided  weuthering  of  the  quartz  syenite  dike  and  it  was  ouly 
through  the  kiudness  of  the  superintendent  of  the  quarry  that 
frefh  material  could  be  obtaiaed.  A  blast  was  put  into  the  dike 
and  comparalively  fresh  rock  was  blown  out. 

Structure. — This  rook  althongb  showing  in  many  cases  a 
miarolitic  structure  canuot  be  said  to  be  panidiomorphic,  for 
although  occaaionaly  idiomorphically  bounded  quartz  crystuls 
(probably  secoudary)  occur,  this  mineral  is  as  a  rule  allotriomor- 
phic.  The  structure  must  therefore  be  designated  as  hyptdi- 
omorphic  granular  with  a  tendency  towards  panidiomorphism. 

Macroscopic  and  Microscopic  charaoUriatics. — The  fine- 
grained  quartz  syenite  dike  rock  is  of  a  light,  almost  white  color 
and  in  all  the  specimens  which  have  been  obtained  shows  strongly 

•OoiB{«r<  tl>«  nmuki  made  br  BrOfger  (^TeDitpegmalllKlDfe.  p.  1»)  on  ■  ilntlar  ta- 
eraueof  tlllcalDtha  >' NepbellDiTeDllUcbeo  FegoialltgCDge  "  Id  tbe  nelgbburhood  ol  Una 

I;  Vol.  U.,  MM, 
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the  action  of  the  weather.  It  seems  macroscopically  to  be  made 
up  priDcipally  of  white  feldspar  with  but  few  dark  colored 
minerals  interspersed  through  it. 

Under  the  microscope  it  is  seen  to  consist  of  ortboclase,  pla- 
gioclase,  quartz,  magnetite,  hematite  and  kaolin.  The  basic 
silicates  have  in  most  cases  been  completely  altered  to  hematite 
and  other  decomposition  products. 

Orihoolase  appears  as  a  white,  opaque,  generally  much 
kaolinized  feldspar,  which  only  rarely  shows  the  characteristic 
lustr"  upon  the  base  (001).  Under  the  microscope  it  is  seen  to 
be  microperthitic  in  its  structure  and  to  consist  of  crystals  tabular 
to  the  clinopinacoid  (010)  and  twinned  according  to  the  Carlsbad 
law.  Its  characteristics  are  in  all  respects  very  like  those  found 
in  the  coarse-grained  variety  of  this  rock.  The  chemical  analysis 
of  the  rock  indicates  that  the  orthoclase  is  rich  in  soda,  for  where 
so  few  varieties  of  minerals  are  present  in  a  rock  as  in  this  one,  and 
where  one  predominates  as  strongly  as  does  the  orthoclase  in  this 
case,  the  total  analysis  approaches  quite  closely  to  the  analysis  of 
that  mineral. 

Plagioclase  appears  very  rarely  but  in  comparatively  sharp 
crystals  which  resemble  labradorite. 

The  basic  silicates  have  been  mostly  altered  to  oxides  of 
iron  and  manganese.  The  high  percentage  of  manganese  oxide 
iound  by  the  analysis  is  very  remarkable  and  indicates  that  some 
.manganese  bisilicate  was  probably  formerly  present,  but  that  it  is 
now  entirely  decomposed  and  appears  only  as  indistinguishable 
manganese  oxides,  either  alone  or  mixed  with  those  of  iron. 

The  analysis  of  this  rock  was  made  by  the  Survey,  R.  X. 
Brackett,  analyst,  and  appears  in  column  I.,  while  column  ii. 
•contains  the  analysis  of  the  coarse-grained  material  which  is  here 
repeated  in  order  to  bring  out  the  similarity  in  composi- 
tion between  the  two  rocks. 

It  is  evident  from  the  appended  analyses  that,  notwithstanding 
the  variations  in  the  quantities  of  silica,  manganese  and  alumina, 
the  rock  are  very  similar.  The  manganese  of  analysis  I.  possibly 
replaces  some  of  the  alumina  and  in  that  case  it  should  be  con- 
sidered as  in  the  form  Mn^Os.     The  iron  in  both  analyses  is 
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probably  principally  in  the  form  of  FeA  for 
weathering  has  taken  place  as  is  here  observed 
be  converted  into  the  sesquiozide  (Fe^O,)  or 
of  the  same  (2Fe303+3H20). 

The  alkalies  are  quite  similar  and  indicate 
ties  and  compositions  of  the  feldspars  in   the 
slao  similar.     These  two   rocks  are  therefore 
ogether  in  the  group  of  the  quartz  syenite  dike 


where  so   much 

the  iron  would 

a  hydrated  form 

that  the  quanti- 
two   rocks  are 
rightly   classed 
rocks« 


Analyses  of  quartz  syenite  dike  rock. 


CONSTITUENTS. 


SiOa .. 
AI2OS. 
FeaO«. 


CaO. 


MnO , 

MgO 

KaO 

NaaO 

HaO  (IgniUoD). 
Total.. 


I. 


Flne-graiaed 
rock. 


62.96 
18.45 
3.64 
1.28 
5.29 
0.61 
5.19 
5.46 
2.77 


100.55 


II. 


Coar8e-«r«ined 
rock. 


64.68 
18.15 
3.05 
1.54 
1.00 
0.50 
4.79 
5.80 
1.08 


100.54 


I.  Fiue-grained  quartz  syenite  dike  rook  from  quarry  of  Little 
jRoek.  Granite  Company,  Fourche  Mt.,  Ark.  Anal,  by  R.  N. 
Brackett. 

II.  Coarse-grained  quartz  syenite  dike  rock  from  west  side  of 
Fourohe  Mt.  proper.    Anal,  by  R.  N.  Brackett. 


D.    Porpbyritic  Border  Roek.    (Tingu&ite). 

a.     Occurrence. 

In  the  Fourche  Mountain  region  the  porphyritic  rocks  form 
but  an  insignificant  factor,  so  far  as  their  distribution  is  concerned, 
but,  when  considered  in  connection  with  those  from  other 
localities,  they  show  an  interesting  similarity  in  structure  and 
occurrence.    Specimens  of  this  class  of  rock  have  been  observed 
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in  but   few  localities  in  the  neighborhood  of  Fourche  Moan* 
tiin  and  even  there  they  are  far  from  being  well  exposed. 

They  occur  in  the  immediate  neighborhood  of  the  eleolite 
syenite  dikes  at  the  southeast  corner  of  the  mountain  and  cover 
about  4  hectares  (10  acres)  of  surface,  but  the  weathering  which 
has  taken  place  has  been  so  complete  that  the  character  of  the 
rock  can  only  be  determined  through  the  occasional  occurrence 
of  loose  blocks.    (See  p.  25). 

b.     Macroscopic  and  Microscopic  Description. 

The  rock  presents  a  greenish  blacky  greenish  gray  or 
purplish  api>earance  and  is  characterized  by  small  idiomorphic^ 
glassy  phenocrysts  of  orthoclase  (sanidine)  lying  in  a  macrosco- 
pically  dense  groundmass.  The  orthoclase  is  remarkable  on 
account  of  its  extremely  tabular  form.  *  It  is  tabular  parallel 
to  the  clinopinacoid  (010)  and  its  thickness  is  generally  not 
more  than  one-tenth  its  greatest  lateral  diameter.  Thus, 
crystals  are  commonly  found  which  are  5mm  in  any  direction 
parallel  to  the  symmetry-plane  and  not  more  than  0.5mm  in  a 
direction  at  right  angles  to  it.  Even  these  extremely  thin. 
crystals  are  usually  twinned  according  to  the  Carlsbad  law. 

Pyroxene  crystals  of  macroscopic  dimensions  often  appear 
as  minute,  greenish  prisms  and  in  some  cases  biotite  plates  occur^ 
but  in  other  specimens  this  mineral  is  entirely  wanting. 

Under  the  microscope  this  rock  is  seen  to  be  made  up  of  the 
already  enumerated  phenocrysts,  including  also  sodalite  and 
eleolite  or  nepheline,  lying  in  a  holocrystalline  groundmass, 
made  up  of  eleolite  or  nephelino,  orthoclase  and  minute,  but 
idiomorphic  pyroxene  and  amphibolc  crystals.  In  some  cases 
these  latter  minerals  have  been  replaced  by  chlorite. 

Orthoclase  is  by  far  the  most  important  mineral  among  the 
phenocrysts.     It  is   flat   tabular,   as  has   been   described,   and 

*  Brogger  (Syenltpegmatigftnge,  p.  38)  doscribca  i  "nephellDrhombenporphyr"  of  a 
Tlolet-grty  color  which  U  characterized  by  phenocrytts  of  a  greenish  gray  soda  orthoclaae  and 
mlcroperthite  lying  in  a  dense,  nephelinitie  groundmass.  The  characteristic  rhombic  form 
of  the  phenoorysta  which  glTe  to  tho  Norwegian  rock  its  name  does  not  appear  in  the  Arkanma 
rock  bat  ii  replaced  by  a  tabular  form,  and  the*  rock  is  considered  an  eleolite  tlagaAlte.  (i 
Chap.  YU.  n.  B.  4). 
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Tesembles  sanidiQe  both  in  its  external  appearance  and  in  its 
optic  properties.  Its  double  refraction  is  abnormally  low  and 
the  optic  axis  angle^  although  varying  very  much  for  different 
specimensy  is  generally  quite  small  and  in  one  case  has  been 
found  to  be  zero  for  white  light.  The  plane  of  the  optic  axes 
has  been  observed  in  most  cases  to  lie  at  right  angles  to  the 
symmetry-plane^  but  exceptions  to  this  rule  have  been  found. 
Carlsbad  twins  are  very  common  and  in  one  case  a  twin  according 
to  the  Baveno  law  has  been  observed.  While  the  majority  of  these 
feldspars  are  fresh  and  undecomposed^  some  of  them  show  the 
beginning  of  kaolinization  by  becoming  opaque  in  spots  and 
losing  their  sanidiue-like  appearance.  In  a  very  few  cases  an 
indistinct  microperthitic  structure  has  been  observed^  but  in 
general,  the  crystals  api>ear  to  be  completely  homogeneous. 

JEleolite  or  nepheline  appears  under  the  microscope  in  the 
form  of  hexagonal  sections  which  remain  dark  during  a  complete 
revolution  of  the  stage,  and  as  weakly  polarizing  polygonal 
^sections  of  either  quadrangular  or  irregular  forms.  In  size  the 
hexagons  seldom  exceed  half  a  millimeter  in  diameter  and  are 
usually  somewhat  smaller  than  the  sodalite  crystals.  An  in- 
distinct cleavage  parallel  to  the  sides  of  the  hexagon  is  generally 
visible.  The  hexagonal  sections  give  no  distinct  cross,  but  this  is 
probably  due  to  their  extreme  thinness  and  to  the  weak 
double  refraction  exhibited  by  this  mineral.  In  the  sections 
inclined  or  parallel  to  the  principal  axis  the  negative  character 
of  the  double  refraction  is  easily  determined  by  means  of  a 
eelenite  plate.  From  the  general  character  of  these  crystals  and  of 
those  to  be  described  later  under  the  head  of  "  groundmass/^  it 
appears  that  they  should  be  considered  as  nepheline  rather  than 
as  eleolite. 

Sodalite  occurs  in  comparatively  large  (0.6mm)  phenocrysts 
whose  sections  are  usually  six-sided.  They  are  perfectly  fresh 
-and  between  crossed  nicols  remain  dark  during  a  complete 
revolution  of  the  microscope- stage.  Even  by  means  of  a  selenite 
plate  no  double  refraction  whatever  is  detectable.  Distinct 
oleavage  in  any  definite  direction  is  wanting,  but  a  few  irregular 
cracks  are  visible.     Inclusions  are  numerous  and  consist  prin- 
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cipally  of  gas-pores  and  a  few  minute  crystals  of  orihoolase  and 
of  eegirite. 

This  mineral  was  determined  to  he  sodalite  from  the 
following  facts:  the  absence  of  all  optic  anomalies,  and 
the  presence  of  chlorine  and  the  absence  of  sulphuric  acid  in  the 
rock  in  which  it  occurs.  In  proof  of  this  last  statement  some  of 
this  rock  was  finely  powdered  and  a  portion  of  the  powder 
was  heated  with  nitric  acid,  and  filtered  ;  the  filtrate  tested  with 
silver  nitrate  (AgNO,)  gave  a  decided  reaction  for  chlorine.  In 
another  portion  which  was  boiled  with  hydrochloric  acid  and 
tested  with  barium  chloride  (BaClj)  no  formation  of  barium 
sulphate  was  observed,  thus  excluding  the  possibility  of  the 
presence  of  haiiyne.  A  portion  of  the  hydrochloric  acid  solution 
evaporated  to  dryness  showed  numerous  small  cubes  of  salt 
under  the  microscope.  These  were  probably  due,  however, 
rather  to  the  nepheline  than  to  the  sodalite,  and,  in  fact,  were  it 
not  for  the  chemical  tests  described  above,  all  of  the  hexagonal 
sections  would  probably  have  been  considered  as  belonging  ta 
the  former  rather  than  to  the  latter  mineral. 

Pyroxene  occurs  as  phenocrysts  some  of  which  are  as  muob 
as  1mm  in  length  and  a  quarter  of  a  millimeter  in  width.  They 
are  terminated  by  the  faces  ocP(llO),  ccPc5b  (100),  ooPdo  (010> 
and  an  acute  pyramid,  perhaps  6P  (661),  which  makes  an  angle 
of  approximately  12°  with  the  vertical  axis.  They  are  of  a. 
bright  yellowish  green  color  and  are  quite  pleochroitic ;  the 
variation  in  colors  is  between  yellow  and  bluish  green  aa 
follows : — 

polarized  parallel  a  bluish  green. 

polarized  parallel  b  olive-green. 

polarized  parallel  c  yellow. 

The  relative  absorption  is  expressed  by  the  formula  a>6>c.. 
The  extinction  angle  in  sections  parallel  to  ocPck)  (010)  is  about 
8°.  All  these  characteristics  point  toward  eegirite  as  the  subdi- 
vision of  the  pyroxene  group  to  which  this  mineral  belongs.. 
In  some  cases  a  very  narrow  twin  plate  occurs  lying  parallel  to 
the  orthopinacoid  (100.)  In  the  cases  observed  this  plate  was 
not   more    than    0.04  of  the   thickness   of  the   main   crystaL 


rODBCHB  MOUNTAIN   BOCE  —  BORDER    RCOK.  103 

Amphibole,  although  uot  appearing   as  single  incliyidualft 
among  the  pbenocrysts,  has  been  ob- 
served gurrouDding  Eegirite  in  a  parallel 
position  and  in  some  cases  it  is  again 
in  turn  surrounded  by  the  latter. 

In  the  accompanying  figure  (Fig.  6) 
the  cleavage  cracks  show  distinctly  the 

relative  positions  and  physical  proper-      i^p""  »■  Sgtriuiurrtmmdti 
tiesofthetwo   minerals.     I  he  amphi-M>,  ohi  iiun  again  ts  <ijrir<». 
bole  is  much  more  pleochroitic  than  the  <"  *°') 
segirite,  but  in  the  same  sense ;     thu^  in  the  case  of  amphiboly 
6>a,  and  b^^bluish  green;  a=yellowj  (={?)*. 

The  yellow  of  the  amphibole  corresponds  exactly  with  that 
of  the  Bsgirite  so  that,  when  the  section  is  so  situated  that  the- 
symmetry- planes  of  both  crystals  lie  parallel  to  the  plane  of  the 
lower  nicol,  no  difference  in  color  between  the  two  minerals  ca» 
be  detected.  The  amphibole  resembles  very  closely  that  found 
in  some  of  the  preceding  rooks  and  hence  it  may  be  assumed  to- 
approach  arfvedsonite  in  composition, 

Sioiite,  when  it  occurs,  forms  long  thin  sections  which  are- 
very  pleochroitic,  the  absorption  of  light  being  almost  total 
parallel  to  the  base  (001).  These  ci^stals  are  often  much  cor- 
roded and  are  usually  associated  with  fluorite  and  apatite. 

l^tanite  crystals  occasionally  appear,  but  are  by  no  means 
common. 

The  phenocrysts  in  this  rock  are  usually  fonnd  scattered 
singly  through  the  base  and  are  not  at  all  frequent.  In  the  case 
of  the  orthoclase  it  is  not  uncommon  to  find  two  or  three  crystals 
close  together  forming  an  approximately  triangular  group,  but 
the  legirite  appears,  almost  without  exception,  in  isolated  crystals. 

Under  the  microscope  the  groundmass  is  seen  to  consist  of  a 
mass  of  short,  rectangular  or  hexagonal  sections  of  eleolite 
(nepheline),  which  are  separated  from  each  other  by  aa 
extremely  finely  crystalline  residtial  base,  which  is  interspersed 
with  minute  prisms  of  pyioxene  and  amphibole. 
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The  hexagonal  prisms  of  eleolite  or  oepheline  contained 
in  the  groundnlass  are  about  as  wide  as  they  are  long  and 
measure  as  a  maximum  0.08mm  in  diameter.  They  are  some- 
what stronger  in  their  double  refraction  than  the  phenocrysts, 
and  while  those  of  the  older  generation  are  almost  free  from 
inclusions  of  other  minerals^  those  of  the  younger  generation  are 
•characterized  by  large  quantities  of  included  basic  silicates  of  the 
f^cond  generation.  The  eleolite  (nepheline)  of  the  groundmasBy 
besides  being  pierced  by  the  minute,  acicular  basic  silicateSi  is 
also  often  bordered  by  them  and  the  whole  section  presents 
what  Boricky  described  as  a  "  vegetable  cellular  structure"* 

The  basic  silicates  of  the  groundmass  consist  of  both 
pyroxene  and  amphibole  which  occur  in  microscopic^  idio- 
morphic  crystals.  The  pyroxene  occurs  in  slender  prisms  0.05 
to  0.1mm  long  and  are  terminated  by  rather  fiat  pyramids* 
They  are  very  pleochroitic  and  give  the  absorjition  relations  and 
color  changes  of  a>girite.  The  extinction  angle  in  the  clinopin- 
acoid  (010)  is  about  5^.  The  amphibole  occurs  in  thicker 
prisms  which  seldom  exceed  0.05mm  in  length.  In  these  the 
pleochroism  is  even  more  decided  than  in  the  segirite  but  shows 
a  variation  between  the  same  colors.  Many  sections  at  right 
angles  to  the  pri.'-m  zone  have  been  observed  in  which  the 
characteristic  angle  of  124^,  included  between  the  prism  faces  as 
well  as  the  cleavage-cracks  parallel  to  them,  was  measured.  The 
extinction  angle  in  plates  parallel  to  the  clinopinacoid  (010)  has 
been  measured  in  a  few  instances  in  which  it  was  found  to  be  as 
much  as  20^,  but  in  general  it  is  less  than  this.  This  mineral 
should  probably  be  referred  to  the  arfvedsonite  group.  Both  of 
the  basic  silicates  are  rich  in  gas  and  fluid  inclusions. 

The  residual  base,  which  in  some  cases  shows  a  decided 
fluidal  structure  about  the  phenocrysts  and  even  about  the 
larger  of  the  secondary  eleolites  (nepheline)|  is  resolvable, 
under  the  very  highest  powers  of  the  microscope,  into  double 
refracting  bars  which  have  an  oblong  form  and  a  parallel  extinc- 
tion when  examined  in  polarized  light.     They  are  negative  in  the 

^  Koscnbusch  PhysiognipUie  Band  II.,  p.  G25.     These  are  shown  ia  Plate  V.,  Flgare  S, 
of  the  same  work. 
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t)baracter  of  their  double  refraction  and  appear  as  though  they 
might  be  eleolite  (nepheline)  of  a  third  generation.  Whether 
•Bny  true  glass  is  present  between  these  indistinct  crystals  is 
«  question  which  it  is  difficult  to  answer  with  certainty.  It  is 
probable,  however,  that  all  of  the  base  is  crystalline. 

In  some  specimens,  a  groundmass  has  been  observed  in 
which  the  basic  silicates  of  the  second  generation  do  not  appean 
*but  are  replaced  by  a  brownish  or  greenish  decomposition 
product  of  some  sort  —  perhaps  chlorite.  It  shows  a  spheru- 
litic  arrangement  of  the  light  colored  crystalline  components  of 
^he  groundmass  which  are  probably  feldspathic  in  their  charac- 
ter. In  such  sections  the  phenocrysts  of  eleolite  (nepheline)  or 
-sodalite  have  weathered  to  such  a  degree,  that  none  of  the  origi- 
nal substance  remains,  and  their  former  existence  can  only  be 
inferred  from  the  presence  of  hexagonal  forms  filled  with  calcite 
and  undetermined  zeolites.  Purple  fluorite  and  small  apatite 
-crystals  also  occur  in  this  rock. 

Specimens  like  those  just  described  are  associated  with  the 
'xnore  distinctly  crystalline  type  from  the  southeast  corner  of  the 
f  ourche  Mountain  region  and  also  from  near  the  top  of  Allis 
Mountain  at  the  point  where  the  pulaskite  comes  in  contact  with 
"the  sandy  shale.  At  this  point  specimens  have  been  found  in 
i¥hich  one  side  of  the  rock  is  a  typical  example  of  pulaskite, 
"while  the  other  side  consists  of  a  porphyritic  rock,  similar  to 
some  of  the  varieties  of  tingudite  just  described,  but  containing 
less  eleolite  (nepheline)  and  approaching  an  aegirite  tinguaite  in 
'Com  position. 

In  many  respects  the  rocks  of  the  varieties  just  described 
resemble  phonolites,  but  their  occurence  as  border  or  porphyri- 
"tic  types  of  the  pulaskite  or  eleolite  syenite,  places  them 
-in  the  group  known  as  the  tinguaite  group. 

Of  this  group  Rosenbusch  says  (Mikrosk.  Physiog.  Band.  II. 
tp.  627) :  ^'A  peculiar  rock  which  is  not  properly  classed  with  the 
'phonolites,  but  belongs  rather  with  the  eleolite  syenites,  and 
which  cannot  be  distinguished  macroscopically  from  the  former, 
^occurs  in  dikes  associated  with  the  eleolite  syenite  of  Portugal, 
firazili  etc.     It  is  characterized  by  its  want  of  fluidal  structure. 
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It  has  a  hypidiomorphic  and  occasionally  a  panidiomorphio- 
granular  structure  similar  to  that  of  aplite.'^  Brogger  (Syenit- 
pegmatitgange,  p.  40)  describes  a  similar  rock  from  Norway. 

Other  varieties  of  this  tinguaitic  rock  occur  in  this  region^ 
in  which  eleolite  or  nepheline  are  entirely  wanting  but  which 
probably  originally  contained  a  glassy  base  that  has  now  become 
cryptocrystalline.  Orthoclase  or  sanidine  and  segirite  form  the 
only  large  constituents  of  the  rock  and  are  imbedded  in  the- 
cryptocrystalline  groundmass  just  mentioned.  Professor  Ros- 
enbnsch  kindly  examined  a  specimen  of  this  rock  and  informed 
the  writer  that  it  presents  a  great  similarity  to  the  rocks  from. 
Minas  Geraes,  Brazil,  described  by  Machado.* 

III.      PETROGRAPHIC     DESCRIPTION     OF    THE     AUGITIC     ROC£& 

'*'  In  the  Fourche  mountain  region  these  rocks  occur,  as  far 
as  has  been  observed,  only  about  the  southern  end  of  the  ''cove.'^' 
They  extend  for  some  distance  along  the  eastern  side  of  Allia 
Mountain  from  near  its  southern  extremity,  as  is  indicated  on. 
map  IL 

Macroscopically  these  rooks  appear  to  be  of  a  black,  or  very 
dark  bluish,  or  reddish  brown  color,  and  are  generally  charac- 
terized by  large,  distinct  augite  crystals.     The  rock  is,  however^ 
very  variable  in  its  appearance,  in  some  cases  being  very  com- 
pact and  fine  grained,  and  in  other  cases  showing  large  pheno- 
crysts  of  augite,  or  of  biotite.     These   two   minerals   appear   to- 
alternate  with  each   other  in  forming   the  phenocrysts,  for  first, 
one    and   then    the    other    is   found  to  predominate;    yet   no 
genetic   distinction    between  the  two  rocks  can  be  detected.     It 
is  probable,  however,  that,  if  the  whole  top  of  the  hill  could  be- 
cleared  of  the    immense  mass  of  loose  boulders  and  soil   which 
covers  it,  these  rocks  would  be  found  to  have  been  formed  from 
variations   of  the   same  magma    which   have    solidified    under 
different  physical   conditions.        However,  be  that  as  it  may^ 
all    that     can    now     be     determined      is    that    among     these 
boulders  first   one   type    and    then    the    other    is   found,  and 

■^Beitrag  zur  Petrograpbie  der  bQdwestlichen  Grenze  zwischen   Minas-Geraes  and  S^ 
Paulo  von  J.  Macbado.    Min.  u.  Petrog.  Mittb.,  Band  IX.,  1888,  p.  347. 
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that  at  one  point  one  type  predominates,  while  at  another 
the  other  is  more  conspicuous.  An  attempt  has  been 
made  to  indicate  this  on  the  map,  but  from  the  nature  of  the 
occurrence  of  these  rocks  no  great  reliance  can  be  placed  upoiv 
such  a  division. 

In  many  respects  these  rocks  present  a  great  similarity  to 
the  dike  rocks  described  by  Prof.  J.  F.  Kemp,  of  Cornell 
University,  in  chapters  XII.  and  XIII.  of  this  report.  In 
the  description  of  the  individual  minerals^  etc.,  reference  will 
be  made  as  far  as  possible  to  Kemp's  description,  in  order  to 
avoid  unnecessary  repetition. 

A.  Fourcbite.  * 

These  rooks  are  macroscopically  as  well  as  microscopically^ 
distinctly  porphyritic  and  their  structure  may  now  be  described 
as  holocrystalline,  although  it  was   probably  originally  hypo- 
crystalline.    In  general  they  show  large  augites,  sometimes  aa 
much   as  25  to  80mm  in  diameter,  imbedded   in  a  dull   black 
groundmass.     On  weathered  surfaces  these  augites  retain  their 
black  color,  while  the  groundmass  becomes  brownish  yellow,  thus, 
showing  more  distinctly  than  ever  the  porphyritic  character  of 
the  rock. 

Augite  crystals  make  up  about  75  per  cent  of  the  rock  and 
although  in  general  corresponding  very  closely  to  those  described 
by  Kemp,  they  differ  from  them  in  some  minor  characteristics.. 
The  twinning,  which  is  rather  uncommon  in  the  dike  augites,  is 
here  of  very  common  occurrence.  Crystals  made  up  of  two 
halves,  twinned  parallel  to  the  orthopinacoid  (100)  are  of  iully 
as  frequent,  if  not  more  frequent,  occurrence  than  single  crystals. 
The  violet  color  is  more  marked  in  these  than  in  the  crystals 
described  by  Kemp,  but  the  extinction  angle  in  plates  parallel 
to  ooPdo  (010)  is  about  the  same.  One  of  the  most  common 
and  at  the  same  time  the  most  striking  characteristics  of  these 
augites  is  their  beautiful  ^'hour-glass    structure.''        In    many 


■^This  rock  i«  named  from  Fourche  Mountain  (p.  19,  foot  note)  which  receiTed  its  name- 
irom  Fourche  Bajou,  aQ4  this  io  tarn  was  named  by  the  early  French  cxplorera  Fourche  od, 
Acoountof  its  many  forks.    The  name  is  pronounced  in  English  as  in  French. 


108  AMNUAI.  BBPOBT  STATE  OEOIXMIIST. 

crystals  (Vig.  6)  this  is  sbowa  by  a  complete  change  of 
color  between  crossed  niools,  so  that,  while  the 
sidefl  (£}  are,  for  example,  a  brownish  purple 
c  the  hour>glass  shaped  ends  {A)  are  a  brilliaot 
yellow.  The  zonal  structure  noted  by  Kemp 
appears  also  in  these  crystals  and  is  continued 
through  the  hour-glass  sectors  without  inter- 
ruption. 

Scattered  through  the  rock,  and  in  many 

Fig.  6.    Seaim  ijf  au-  r,  ■  ■  .  f  ■ 

giir:  (II  la  010)  (n  pof. cB^Gs  fomiiDg  an  importaut  constituent  of  it, 
■ariutd  iijw,  ihoufiBs  ^re  Small,  irregularly  shajted,  yellowish,  trans- 
tiruaiurt.  parent    grain t>,     which    seldom    exceed    0.005 

A.   Yellow  (wiwtwn  ^j,,  j^  diameter  and  are  often  much  smaller. 

a.  BrawDixhparpial'hey  have  a  high  index  of  refraction  and  stand 
b.iwe.n  cn».d  niooi.  ^yj  clearly  from  the  general  surface  of  the  sec- 
tion, presenting  the  appearance  of  small  round  globules.  Since 
they  show  a  decitJed  double  refraction  it  is  probable  that  they 
are  titanite  or   leiicoxen    of  secondary  generation. 

The  groundmoHS  of  even  the  freshest  specimens  shows  a 
very  complete  alteration.  It  is  filled  with  a  dark,  reddish 
brown  material,  which  is  a  hydrous  oxide  of  iron,  in  which 
lighter  spots,  showing  double  refraction,  are  observable.  The 
small  highly  refracting  decomposition  grains  noted  above  are 
also  very  common.  There  is,  at  least  at  the  present  time,  no 
glass  remaioiiig,  but  it  is  probable  that  the  fine  grained  ground- 
mass  solidified  originally  as  a  glass  and  has  since  been  altered 
to  a  crystalline  masa.  If  perfectly  fresh  specimens  of  this  rock 
could  be  obtained  it  is  possible  that  a  still  glassy  base  might  be 
found. 

An  analysis  of  some  of  the  freshest  of  this  rock  was 
made  by  the  Survey,  \V.  A.  Noyes,  analyst,  and  the  alkalies  were 
determined  by  K.  N,  Brackett. 

Analysis  of  fourohite  from  Fourche  JHountatn,  Arkansas, 
SiO; 42.03 

AIA is-w 

Tib, 3.70 
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Fe,0, „ 7.66 

FeO 6.65 

FeS, 0.66 

CaO 14.15 

MgO 6  41 

MdO ~  trace 

K,0 0.97 

Na,0 :    1.83 

NaCl 0.05 

80, 0.08 

PA 0.57 

H,0  (Ignition) 1.08 

Total 99.23 

H.  RoseDbasch  in  connectioa  with  M.  Hanter  has  lately 
published  a  paper  entitled  '*  Ueber  Monchiqaite,  ein  camp- 
tonitisches  Ganggestein  aus  der  Gefolgschaft  der  Elaolith- 
syenite."  *  He  makes  a  new  group  of  those  older  dike  rocks 
which  are  always  intimately  connected  with  the  eleolite 
syenites,  and  names  them  monchiquites  after  the  Serra  de 
Monchique  in  southern  Portugal  where  they  occur  in 
typical  dikes.  Rosenbusch  considers  these  as  made  up  of  a 
porphyritic  combination  ofolivine,  augite,  and  a  glassy  base, 
with  which  may  be  associated  either  hornblende,  or  mica,  or 
both  these  minerals  together.  The  glassy  base  often  includea 
minute  crystals  of  plagioclase  and  occasionally  of  nepheline. 
Rosenbusch  remarks  that  as  yet  a  separation  of  these  rocks 
into  smaller  groups  does  not  seem  advisable,  but  he 
mentions  the  follow  divisions  which  might  be  made  : — 

Monchiquite, 

Biotite  monchiquite, 

Amphibole  monchiquite, 

Amphibole  biotite  monchiquite. 

The  writer  of  this  report,  in  connection  with  Prof.  J.  F. 
Eemp  and  before  seeing  Professor  Rosenbusch's  work  upon 
monchiquite,  had  already  described  and  classified  the  augitic 
rocks  from  the  eruptive  areas  of  Arkansas  in  somewhat  the 
same  way,    and  had   proposed  certain  local  names  to  ba 

applied  to  them. 

'  •  •  ■  -  ■  ■         ■       ^ 

•  Mioenl.  and  petrograph.  Mlttheil.,  Band  XI.,  1890,  p.  44e. 
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Rosenbusch  (Physiographie,  Band  11.^  p.  821)  describes 
varioDs  dikes  from  the  eleolite  syenite  region  near  Rio  de 
•Janeiro,  Brazil,  and  especially  from  the  Serra  de  Tingua  under 
the  head  of  augitite,  and  mentions  their  similarity  to  the  dikes 
described  by  van  Werveke  from  the  foyaite  formation  in  the 
^erra  de  Monchique  in  southern  Portugal.  The  Brazilian  dikes 
are  often  without  olivine  and  form  an  olivine-free  class  of 
the  rock  that  Rosenbusch  calls  monchiquite.  It  is  to  this  class  of 
olivine-free  monchiquite  that  the  writer  has  given  the  name 
fowxhite. 

Some  specimens  of  the  more  important  types  of  fourchite 
were  sent  by  the  writer  to  Professor  Rosenbusch  who  kindly 
examined  them  and  expressed  his  opinion  that  they  belonged 
to  the  monchiquite  group,  but  that  they  were  in  certain 
respects  different  from  any  specimens  that  he  had  seen.  In 
view  of  these  relations  these  rocks  have  been  included  under 
Rosenbusch's  monchiquite  group  and  since  they  are  for  the 
most  part  either  very  poor  in  olivine,  or  completely  free  from 
that  mineral,  an  olivine-free  type  has  been  made  and  coordinated 
with  the  olivine  monchiquites.  It  bears  much  the  same  relation 
to  them  that  augitite  does  to  limburgite  in  the  group  of  eflFusive 
non-feldspathic  rocks.  The  subdivision  of  this  group  into 
biotite,  amphibole,  and  biotite-amphibole  types  was  already 
completed  before  Professor  Rosenbusch's  paper  on  monchiquite 
appeared,  so  that  it  only  remained  to  group  them  systematically 
and  in  correspondence  with  the  monchiquite  rocks.  The  follow- 
ing scheme  of  arrangement  is  suggested  : — 

Monchiqxdte  Group,     {Ro8enbu8ch,  1890). 


Containing  Olivine. 


Monchlquit€(Ro8CQbu8ch,  1890) 


Anipbibole  monchiquite 

Biotite  monchiquite 

Amphibole  biotite  monchiquite 


Glassy  Bask  and  Minkrals:  - '  Olivine-Fhee. 

Augite„ Fourchite  (J.  F.Winiani8,1890) 

I    [Augitite  from  Serra  dt  Tln- 
I    gu&  (in  pan).     Roienbiuch]. 

Amphibole  and  augite. :  Amphibole  fourchtte. 

Biotite  and  augite 'ouachltlte  (Kemp,  1890). 

I 

Amphibole,  biotite  and  augite^,  Amphibole  ouachltlte 


In  order  to  show  the  close  chemical  relation  which  exists 
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^tween  the  fourchite  and  the  trae  olivine  monohiquites,  the 
foUowiag  analyBeB  which  are  taken  mostly  from  the  Boaeobusch 
paper  are,  for  the  aake  of  oomparisoo,  aet  side  by  side  with 
those  from  ArkaDsaa. 

Analyses  of  monohiqutte   and  fourchite. 


{!•)    UoDUlnimluCoO. 
(I*)    OmiUlM  mtiw  CtiO). 

<S^    Thiiiuljiiafoouup  toOS^Si  but  ItligiTtuultappnn  la  Rownbuicli'ipmper, 
alooe  the  orrgliul  article  bj  Huauk  !■  not  icccMlbla  U  tbe  writer. 

I.    Fourchite  from  Fourcbe  Mt.,  Ark.,  by  Brackett  and  Noyes. 
n.    Ampbibole  monohiqulte  from  Magnet  Cove,  Ark.,  by  W.  A, 
Hoyefc    (Chap.  VH.,  in.  A). 
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III.  Moncbiquite  from  Santa  Cruz  By.,  Sho  PauIo,   Brazil,  b^ 
M.  Huuter.    (Min.  Petr.  Mitth.,  Band  XL,  1890,  p.  454). 

IV.  Moncbiquite  from  Rio  do  Ouro,  Serra  de  Tingua,  Brazil,  by 
P.  Januascb.    (ibid.  p.  464). 

V.  Camptonite  from  New  Hampsbire,  by  Q,  W.  Hawes,  (Am^ 
Jour.  Kci.,  Series  3,  Vol.  XVII.,  1879,  p.  147). 

VI.  Camptonite  from  Montreal,  Canada,  by  B.  J.  Harrington^ 
(N.  Jabrb.  f.  Min.,  1883,  Band  I.,  p.  248). 

VII.  "Piitrite  porpbyry"  Steierdorf  in  tbe  Banat,  Hungary,  by 
by  E.  Hussak,  (Verb,  d.lc.k.  geol.  Reicbsanstalt,  1881,  p.  262). 

B,    Ampbibole  OusLCbitite. 

The  amphibole  ouachitite  includes  those  varieties  of  aagitio 
rocks  which  contain  phenocrysts  of  biotite  and  hornblende,  aa 
well  as  augite,  lying  in  a  fine-grained  or  glassy  groundmass^ 
Tbe  biotite  and  augite  are  easily  seen  with  the  naked  eye,  for 
they  form  idiomorphic  crystals,  often  quite  large,  but  not  as  large 
as  the  individuals  found  in  the  fourchite  just  described. 

Under  the  microscope  the  phenocrysts  are  seen  to  lie  in  an 
extremely  fine-grained,  but  now  completely  holocrystalline 
groundmass  which  was  pfobably  originally  a  glass. 

Augite  is  by  far  the  most  important  mineral  constituent  of 
the  rock,  but  it  would,  however,  in  this  case  hardly  make  up  20 
per  cent  of  the  total  mass.  The  crystals  are  usually  fresh  and 
in  all  respects  essentially  the  same  as  those  described  above 
(p.  107). 

In  a  few  cases  perfectly  fresh,  small  augite  crystals  have 
been  observed  filling  what  is  apparently  the  space  which  was 
once  occupied  by  some  other  mineral.  They  are  radially 
arranged  in  the  center  of  tbe  crystals  and  those  about  the  sides 
stand  at  right  angles  to  the  edges.  It  is  possible  that  they 
take  the  place  of  decomposed  augite  phenocrysts  or  of  olivine. 

Hornblende  occurs  in  the  rock  in  much  smaller  quantities 
than  the  augite  and  forms  crystals  which  seldom  exceed  0.4 
mm  in  length.  It  is  easily  detected  under  the  microscope  by 
its  reddish  brown  color,  strong  pleochroism  and  cleavage-cracks 
which  make  an  angle  of  about  124^  with  each  other.  It  belongs 
to  the  variety  known  as  basaltic  hornblende.  The  crystals  are  of 
a  short  prismatic   habit  and,  although  they  have  been  much 
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corroded  hj  the  magma  and  are  rounded  on  the  corners,  they 
still  show  that  the  prism  (110)  and  clinopinacoid  (010)  faces 
originally  existed.  This  corrosion  has  given  rise  to  a  peripheral 
zone  which  appears  to  be  quite  distinct  from  the  rest  of  the 
crystal,  but  still  consists  of  hornblende  substance  mixed  with 
some  magnetite.  Inside  of  the  crystals  themselves  a  succession 
of  dark  brown  concentric  bands  appear  forming  a  beautiful 
zonal  structure.  In  some  cases  twins  parallel  to  the  ortho- 
pinacoid  (100)  have  been  observed.  The  pleochroism  is  very 
strong  and  is  represented  by  the  following  formula : — 

parallel  c=dark  reddish  brown, 
parallel  a=yellow. 

The  hornblende  includes  magnetite  in  dust-like  grains  and 
occasionally  shows  liquid  inclusions  of  some  size.  From  its 
mode  of  occurrence  and  general  appearance  the  hornblende  is 
probably  to  be  considered  as  the  oldest  constituent  of  the  rock, 
after  the  metallic  oxides. 

Biotite  occurs  in  thin  plates  which  are  often  quite  large. 
This,  like  the  hornblende,  has  been  strongly  acted  upon  by  the 
magma  and  shows  resorption  bands.  It  is  of  a  reddish  brown  or 
yellow  color  and  is  very  pleochroitic.  Its  optic  characteristics 
are  normal. 

The  groundynaaa  of  the  rock  consists  of  minute  hornblende 
and  augite  crystals  associated  with  magnetite  in  large  quantitiet?. 
The  small  highly  refracting  globules  already  described  (page  108) 
appear  here  in  great  numbers.  As  a  background  or  base  for  all 
these  minerals,  there  is  fouud  a  colorless  substance,  showing  a 
very  low  refractive  index  and  a  comparatively  weak  double  re- 
fraction. When  examined  between  crossed  nicols  and  under  a 
very  high  power,  it  is  seen  to  consist  of  a  mass  of  minute 
crystals  which  are  negative  in  their  double  refraction  and 
have  small  angles  of  extinction.  Their  boundaries  cannot 
be  definitely  determined,  but  the  direction  of  the  greatest 
elongation  and  of  the  indistinct  cleavage- cracks  has  been  taken 
as  the  probable  direction  of  the  principal  axis.  It  would  appear 
from  these  characteristics  that  some  feldspathic  mineral  is 
present.    No  twinning  lamellsB  were  observed,  but  it  is  probable 

8  Gtologkftl;  VoL  U.,  1890. 
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from  the  latli-like  shape  of  the  crystals  that  the  feldspar  is  a 
plagioclase  which  was  formed  by  the  devitrification  df  an  original 
glass.  The  occurrence  of  hornblende  and  of  biotite  and  the 
possible  presence  of  a  glassy  base  indicate  that  a  rock  corre- 
sponding to  the  third  variety  of  Bosenbusch's  moncbiquite 
group  (loc.  cit.  p.  450),  the  biotite  amphibole  moncbiquite,  bat 
without  olivine,  is  under  consideration.  This  would,  therefore, 
according  to  the  nomenclature  adopted  for  these  rocks,  be  an 
amphibole  biotite  fourchiteor,  more  simply  expressed,  an  amphi- 
bole ou  ichitite. 

C.    Moncbiquite  (?), 

Some  specimens  occur  at  the  south  end  of  the  ^^  trap ''  area  on 
AUis  Mountain,  which,  although  much  weathered,  still  indicate 
that  they  belong  to  a  somewhat  different  type  from  those 
rocKs  already  described.  These  rocks  are  remarkable  not 
only  on  account  of  the  peculiar  and  rather  uncommon  psendo- 
morpbs  of  mica  after  augite  which  they  contain,  but  also  on 
account  of  the  large  quantities  of  the  already  described  globalar 
titaniferous  mineral  which,  in  this  case,  sometimes  attains  a 
diameter  of  O.OLmm  and  is  more  sharply  defined  than  in  the 
preceding  rocks. 

Pseudomorphs  of  mica  atter  augite  frequently  occur  in  this 
rock  and  are  even  macroscopically  easily  recognizable.  The 
crystals  are  1  to  1.5mm  in  length  and  show  the  original  faces 
ooP  (110),  ocPdb  (100),  ooPc3c(010),  OP(OOl), -P(lll)  and 
also  some  dome  faces  in  the  ortho-zone.  In  a  few  instances  the 
central  portion  of  the  crystal  remains  uudecomposed,  but  in 
most  cases  the  alteration  is  complete  throughout  the  whole 
•crystal.  In  those  cases  where  the  central  portion  of  the  crystal 
{still  remains  unaltered  it  is  seen  to  have  been  completely  freed 
irom  iron,  so  that  it  appears  colorless  and  is  absolutely  non-pleo- 
<;hroitic.  Where  the  alteration  has  taken  place  completely  the 
crystal  is  entirely  made  up  of  small,  irregularly  grouped  mica 
plates  which  seldom  exceed  0.05mm  in  diameter.  These  plates 
are  of  a  reddish  brown  color  and  may,  perhaps,  be  rubeUUe, 
although  it  appears  more  probable  that  they  are  biotite  somewhat 
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stained  with  iron  oxide.  O.  von  Biohthofen*  describes  pseudo- 
morphs  of  rubellite  after  augite,  from  the  tufa  formations  of  Alpe 
Oiaplsjai  on  Monte  Creppa,  and  from  other  points  of  southern 
Tyrol.  The  Tyrolese  pseudomorphs  show  that  the  alteration 
began  at  many  points  in  the  interior  of  the  crystals  and  formed 
nests  of  reddish  mica  plates  which^  in  some  cases,  increased  in 
size  and  numbers  so  as  to  include  the  whole  crystal.  Blum  men- 
tions mica  pseudomorphs  after  augite  from  the  Fassa  Valley, 
in  southern  Tyrol,  Austria,  f  and  from  Monroe,  Orange  county, 
N.  Y.,tand  Tschermak  describes  such  from  teschenitic  rocks||. 

In  the  pseudomorphs  from  the  Arkansas  rocks  the  alter- 
ation appears  to  have  taken  place  from  the  outside  and  to 
have  worked  in  along  the  cracks.  The  undecomposed  parts, 
when  such  exist,  are  found  uniformly  at  the  centre  of  the 
crystal,  and  are  often  cut  through  by  cleavage  cracks  along  the 
-edges  of  which  some  alteration  has  taken  place.  The  mica  which 
is,  as  has  been  stated,  probably  a  stained  biotite  occurs  in 
small,  thick  plates  absolutely  without  parallel  arrangement  of 
any  kind.  These  plates  are  very  pleochroitic;  the  color  variation 
being  from  a  very  light  red  or  straw  color  to  a  deep  brown. 
The  optic  axis  angle  is  small. 

In  this  decomposed  rock  there  appear  indications  of  the 
alteration  of  some  mineral,  probably  olivine,  to  serpentine,  but 
the  forms  are  not  such  that  they  can  be  definitely  determined. 

In  addition  to  these  phenocrysts  there  have  been  observed 
in  the  groundmass,  which  consists  principally  of  augite  needles 
and  the  already  mentioned  globular  titaniferous  mineral  (p.  108) 
•some  feldspathic  minerals  which  are  evidently  the  devitrification 
products  of  an  original  glass.  These  feldspar  (?)  crystals  are  of 
two  varieties,  twinned  and  simple,  and  both  of  them  appear  as 
very  slender,  lath-like  individuals  not  over  O.OTram  in   length. 

The  rock  evidently  belongs  to  the  monchiquite  group,  but 
whether  to  the  olivine  or  olivine-free  variety  is  uncertain.     It  is 

*  O.  Ton  Rlcbthofen  in  the  Wiener  Akad.  Ber.  Band  XXVII.,  1868,  p.  335,  and  in  Blum's 
PBeadOBorphoMD.  Band  III ,  p.  9C.    Cited  after  J.  Roth's  Chemische  Qeologie,  Band  I.,  p.  340. 
t  Pseudomorphcsen.  Blum.  Band   I.,  p.  31.    Cited  after  Rotli. 
X  Ibid.  Band  III.,  p.  93.    Oited  after  Rotli. 
I  Porphyrgefltelna  Oesterreichs,  G.  Tschermak,  p.  261.    Cltod  after  Roth. 
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probable^  however,  that  it  may  be  more  properly  considered  a» 
belonging  to  the  former  variety  and  as  forming  a  trae  monchi- 
quite  in  the  more  restricted  sense  of  the  term. 

From  the  same  locality  other  altered  rocks  occur  which 
differ  from  these  only  in  the  fact  that  the  augite  crystals  have 
been  altered  to  chlorite  instead  of  mica.  The  chlorite  appears 
in  small  six-sided  plates  seldom  more  than  0.04mm  in  diameter. 
It  is  of  a  beautiful  green  color,  and  in  plates  cut  at  right  angles 
to  the  cleavage- planes  it  shows  a  comparatively  strong  pleochro- 
ism^  with  an  alteration  in  color  from  yellow  (||c)  to  green  (||a  or 
6.)  When  observed  in  plates  parallel  t<»  the  cleavage  it  ap- 
pears dark  green  and  isotropic  and  in  convergent  light  shows 
no  distinct  cross.  Between  crossed  nicols  the  polarization  colors 
appear  higher  than  those  usually  described  for  this  mineral. 

The  rock  is  of  a  generally  greenish  color  with  darker  green 
spots  where  the  chlorite  pseudomorphs  occur. 

Upon  reviewing  the  above  descriptions  it  is  evident  that^ 
although  some  minor  variations  exist,  the  rocks  belong  to  one 
and  the  same  group.  It  seems  better  therefore  to  unite  them 
under  the  name  of  fourchite,  with  a  clear  understanding  that  the 
varieties  described  are  present,  but  that,  owing  to  the  poor 
exposures  and  to  the  weathered  condition  of  the  rock,  it  is 
absolutely  impossible  to  define  the  limits  of  the  various  types^ 
or  to  study  their  mutual  genetic  relations. 

rV.      CONTACT   ROCKS. 

In  the  Fourche  Mountain  region  contact  rocks  are  not  very 
numerous  nor  easily  studied.  In  a  few  cases  specimens  of 
contact  shale  have  been  found  which  show  a  very  decided 
metamorphism  and  an  almost  complete  alteration  into  a  crys- 
talline rock.  Such  a  metamorphism  has  usually  taken  place  only 
where  the  sedimentary  rocks  are  in  direct  contact  with  the  larger 
masses  of  syenite,  for  in  cases  where  small  dikes  cut  through  the 
Paleozoic  shales  little  or  no  alteration  exists. 

At  a  point  near  the  junction  of  Fourche  and  Ermentraudt 
Mountains  on  the  east  side  of  the  ridge  the  syenite  is  found  in 
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'direct  contact  with  the  shale.  It  is  seen  to  have  induced  in  the 
latter  small  (0.5  to  Imm)  irregularly  bounded  feldspar  crystals, 
which  now  form  the  main  mass  of  the  rock.  These  feldspars 
are  often  twinned  according  to  the  Carlsbad  law,  but  show  by 
their  undulatory  extinction  and  peculiar  microstructure  that 
they  are  of  secondary  origin.  They  are,  almost  without  excep- 
tion,  filled  with  minute,  black  grains  which  are  presumably 
magnetite.  These  are  scattered  through  the  crystals  without 
any  regular  system  of  arrangement  and  without  any  special 
reference  to  the  crystallographic  form  of  the  individuals  in  which 
they  occur.  In  a  few  cases  larger  crystals  of  feldspar  have  been 
observed^  and  when  such  occur,  they  are  seen  to  have  a  more 
perfect  crystallographic  form  than  the  smaller  ones.  It  is 
probable  that  the  larger  crystals  were  formed  first  and  were 
therefore  in  a  position  to  rearrange  the  ingredients  of  the  shale 
and  those  obtained  from  the  igneous  rock  more  freely  than  the 
smaller  crystals  which  followed  them.  They  may  be  considered 
as  the  ''  phenocrysts ''  of  the  metamorphic  rock. 

Mica  crystals,  often  very  fragmental  and  distorted,  occur 
very  frequently.  They  are  of  a  greenish  yellow  color  and  show 
strong  pleochroism.  When  the  cleavage-planes  stand  at  right 
angles  to  the  plane  of  the  lower  nicol  the  color  is  a  light 
yellow  with  a  faint  greenish  tinge,  and  in  some  cases  the  crystals 
are  almost  colorless.  At  right  angles  to  this  position  they  are 
almost  or  entirely  black  and  show  a  correspondingly  complete 
absorption  of  light.  It  is  probable  from  these  facts  that  this 
mica  is  a  biotite.  The  irregularity  in  the  shape  of  the  plates  and 
flakes  shows  that  it  was  not  entirely  unhindered  in  its  crystal- 
lization, but  its  comparatively  large  size  (1  to  1.5mm  in 
diameter)  indicates  that  it  was  one  of  the  earlier  and  more  freely 
formed  materials. 

Small  fragments  of  some  green  mineral  resembling  segirite 
in  their  appearance  and  behavior  in  polarized  light  occur  in  this 
rock  and  certainly  constitute  some  member  of  the  pyroxene 
group. 

A  thin  section  of  this  rock  is  seen  under  the  microscope  to 
be  completely  studded  with  small  black  specks  of   magnetite 
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which  are  often  rounded,  and  only  occasionally  show  any 
indications  of  crystal  form.  Hematite  and  limonite  also  appear 
in  irregular  masses,  the  former  often  taking  the  shape  of  thin 
plates,  while  the  latter  is  naturally  without  definite  crystal  form. 

Six  inches  (O.I5m)  away  from  the  contact,  as  a  rale,  the 
shale  shows  very  little  metamorphism,  and  it  is  only  here  aod 
there  that  any  indication  of  a  secondary  crystallization  can  be 
detected. 

In  some  cases  the  syenite  is  seen  to  penetrate  the  sedi^ 
mentary  rocks  for  a  short  distance  from  the  contact,  thus, 
forming  alternate  bands  of  igneous  and  metamorphosed  rock. 
In  one  case  the  igneous  rock  is  found  to  make  up  more  than 
half  of  the  specimen,  while  the  metamorphosed  rock  occurs  in 
the  form  of  narrow  internlediate  bands  presenting  a  semi-flaidal 
appearance.  Under  the  microscope  these  bands  are  seen  to  be- 
made  up  of  minute,  allotriomorphic  feldspar,  magnetite  and  hema-^ 
tite  crystals  and  a  few  flakes  of  reddish  brown  mica. 

A  peculiar  feature  of  the  rocks  near  the  contact,  and  one 
which  is  characteristic  of  both  the  intrusive  rocks,  as  well  as  of 
the  metamorphosed  sedimentaries,  is  the  dark  blue  or  black 
stain  with  which  these  rocks  are  quickly  covered  when  left 
exposed  to  the  air  and  rain  for  a  few  days.  (See  page  22).  The- 
igneous  rocks  seem  to  show  the  color  even  more  distinctly  than 
the  metamorphosed  sedimentary  deposits,  and  it  has  been  ob-^ 
served  that  when  the  former  are  heated  before  a  blast-lamp  they 
they  give  off  sulphur  enough  to  burn  with  a  blue  flame  for  some 
time,  even  after  the  source  of  heat  has  been  removed.  The  dark 
blue  stain  appears  to  be  connected  in  some  way  with  the  large 
amount  of  sulphur  present,  for  after  the  rock  has  been  heated  for 
a  time  and  the  sulphur  driven  off  it  assumes  a  reddish  color.  It  is 
possible  that  the  stain  is  due  to  a  mixture  of  sulphur  (S)  and  ferrous 
sulphide  (FeS)  which  was  temporarily  formed  as  an  intermediate 
stage  in  the  alteration  of  pyrite  (FeSg)  to  ferric  oxide  (FejOj). 

East  of  the  southern  end  of  Ermentraudt  Mountain  (section 
35,  8.  W.  of  S.  W.)  and  on  the  eastern  end  of  the  southern  part  of 
Allis  Mountain  (section  34,  N.  W.  quarter)  black  hornstone-like 
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rocks  occar  which  were  formed  by  the  metamorphism  of  the  black 
shale  of  that  region.  Under  the  microscope  these  rocks  show  a 
confused  crystalline  structure  produced  by  the  formation  of 
small  flakes  of  mica^  and  the  differentiation  of  the  substance  of 
the  shale  into  a  mass  of  minute  feldspar  needles.  The  Paleozoic 
rock  which  forms  a  small  area  in  section  36  [on  center  line  1,000  ft. 
(305m)  west  of  center]  (see  page  24)  and  is  some  distance  from 
the  igneous  rock  contains  well  formed,  tabular  feldspar  crystals 
which  sometimes  attain  a  diameter  of  2mm.  The  rock  in  which 
they  occur  is  an  arenaceous  shale  and  occasionally  contains 
minute  segirite  crystals  as  well  as  feldspars. 

In  many  cases  the  sedimentary  rock  is  scarcely  altered,  even 
where  it  occurs  very  close  to  the  igneous  rocks.  It  is  evident, 
therefore,  that  something  more  than  mere  proximity  to  an 
Igneous  mass  is  necessary  to  form  crystalline  metamorphic  rocks^ 

V.      GENETIC  RELATIONS  OP  THE  VARIOUS  KINDS  OP  SYENITE  TO 
EACH  OTHER  AND  TO  THE  ADJACENT  SEDIMENTARY  ROCKS. 

The  relations  of  the  various  kinds  of  syenite  found  in  the 
Fourche  Mountain  region  to  each  other  and  to  the  under-  and 
overlying  rocks  are  not  as  simple  as  they  at  first  sight  appear. 

It  seems  probable,  however,  both  from  petrographic  and 
chemical  considerations,  as  well  as  from  their  geologic  positions,, 
that  the  syenitic  rocks  of  the  Fourche  Mountain  region  are  very 
closely  related  to  each  other  and  that  they  may  be  considered  as 
derived  from  one  and  the  same  magma  which,  on  account  of  the 
various  conditions  under  which  it  cooled,  has  formed  the  differ- 
ent kinds  of  rock  occurring  in  the  region. 

It  is  evident  from  its  coarseness  and  entire  lack  of  porphy- 
ritic  structure  that  the  gray  granite  (eleolitc  syenite)  cooled 
under  pressure  as  a  true  intratelluric  rock.  The  blue  granite 
(pulaskite),  on  the  other  b^nd,  is  decidedly  trachytic  or  porphy- 
ritic  in  its  structure  and  cooling  much  more  rapidly  formed  a 
dike  rock.  It  is  easy  to  conceive  of  these  rocks,  as  a  whole, 
being  forced  up  through  a  break  in  the  overlying  rocks,  and  of 
that  portion  which  came  up  into  the  crack  itself  as  being  cooled 
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more  quickly  than  the  mass  which  remained  lower  down  and 
was  protected  against  loss  of  heat  by  the  overlying  rocks.  These 
overlying  sedimentary  rocks  soon  became  heated  throagh  and 
acted  as  covering,  transmitting  heat  slowly,  and  allowing  the 
underlying  igneous  masses  to  cool  gradually  and  to  form  tme 
intratelluric  rocks*. 

It  seems  more  than  probable  that  the  overlying  strata  in  the 
Fourcfae  Mountain  region  were  comparatively  thin,  for  it  is 
evident  from  many  cooeiderations  that  comparatively  little 
erosion  of  the  Paleozoic  rock  has  taken  place  since  the  igoeona 
rocks  were  intruded.    The  accompanying  section,  which  is  of 
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course  somewhat  idealized,  but  which  in  founded  upon  the 
relations  actually  observed  in  the  region  near  the  southeast 
corner  of  the  mountain,  shows  the  probable  relations  of  the 
various  rocks  to  each  other. 

{A.)  represents  the  overlying  shales  of  Paleozoic  age,  which 
dip  sharply  to  the  north  and  form  part  of  the  great  anticlinal  fold 
described  by  Mr.  L.  S.  Griswold  in  Vol.  Ill  of  the  annual 
report  of  the  Geological  Survey  of  Arkansas  for  ISdOf. 

(B.)  represents  the   mass  of  underlyiug  intratelluric  gray 

°The  BubleciDdtietbkliQeMoloTerlriDgriKlcinECewir]'  I o  product  tha  [anntUon  «I 
baloctjBiilJlni^  graDliic  rocke  bat  bMD  diKuned  by  Biugger  <:j;rnlip«gdi*Uiginge.  p.  tH.) 
He  commcnU  upon  (be  tbei>ri«i  idvincvl  by  J.  Lehmanu  [(irinullti^birge,  p.  U.  CtUd  alUt 
Brdgger.  (SyfDltprgmolll|Ilnnc.p.22S.))  uud  otben.  BrOgger')  cancluilogimn  (o  tlwalltal 
lh»(  ate-  bundred  leel  of  o'erljlng  rock  autflco  tor  a  coierlag  wblcb  *IIJ  make  th*  Igomoa 
retlis  b«low  complewLy  iniraitUaric  In  tbelr  ch>r»e[*(. 

t  It  u>7  hrr*  bt  Bimcd  Ibkt  it  i>  eilKuielT  piobibls  that  the  wfakoeaa  piadncad  In  the 

iui  I  tbe  oTarlrlng  Hdlmeatiirj  luruitiDD, 
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granite  (eleolite  syenite)  which  at  one  point  forced  its  way  np 
through  the  sedimentary  beds  forming  the  semi-porphyritic  mass 
of  blue  granite  (pulaskite)  (C7)  in  the  interior  of  which  the  gray 
rock  would  be  found  could  the  ridge  be  penetrated  to  a  sufficient 
■depth. 

(C)  represents  the  blue  granite  (pulaskite.)  It  is  evident 
that  this  blue  variety  cooled  more  quickly  than  the  gray  rock 
and  therefore  assumed  a  more  porphyritic  structure.  When 
this  blue  granite  (pulaskite)  cooled,  it  cracked,  on  account  of  the 
unequal  contraction  of  the  outside  and  the  inside  and  allowed  the 
panidiomorphic  granular  dike  rock  (D)  to  appear.  This  latter 
-consists,  therefore,  of  some  of  the  original  syenite  magma  (B) 
which,  on  being  pressed  up  through  the  still  hot,  but  already 
XH)ngealed  blue  granite  (pulaskite)  solidified  very  slowly  as  a 
-coarse-grained,  panidiomorphic  dike.  It  is  probable  that  a  not 
inconsiderable  space  of  time  intervened  between  the  intrusion  of 
the  blue  granite  (pulaskite)  and  the  formation  of  the  coarse 
aplitic  dikes.  In  the  case  of  the  dike  (E)  the  conditions  were 
somewhat  different,  for  here  the  coarse-grained  dike  comes  up 
through  the  overlying  Paleozoic  rocks  and  is  still  panidio- 
morphic in  its  character.  The  only  explanation  of  this  which 
-can  be  offered,  is  that  suggested  by  Brogger  for  similar  cases 
(Syenitpegmatitgange,  p.  231),  in  which  it  is  assumed  that  the 
Paleozoic  rock  was  completely  heated  through  before  the  injec- 
tion of  the  igneous  rock.  In  the  case  of  the  tinguaitic  rock  ((?) 
near  the  same  region  (southeast  of  the  mountain)  it  may  be 
assumed  that  its  character  is  due  to  the  thin  cover  of  overlying 
sedimentary  rock  in  that  particular  region.  This  condition  would 
be  in  complete  accord  with  the  high  heating  of  the  neighboring 
Paleozoic  rock,  required  for  the  formation  of  the  coarse-grained 
■dike  just  described,  and  would  fit  the  case  equally  well  if  the 
porphyritic  or  tinguditic  rock  should  prove  to  be,  in  part,  a 
metamorphosed  shale  and  not  an  intrusive  rock.  The  other 
dike  {F)  of  brown  granite  (eleolite  syenite  dike  rock)  which  ap- 
pears in  this  region  and  which  has  a  hypidiomorphic  granular 
structure,  would  then  be  considered  as  the  filling  of  a  crack  by  a 
'^yenitic  material  which  to  some  extent  resembles  both  the  blue 
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and  gray  granite  and  which  was  intruded  at  the  same  time  they- 
were. 

All  these  considerations  point  to  a  comparatively   thicker 
(still  actually  quite  thin)  covering  of  Paleozoic  rock  over  the^ 
larger  part  of  the  region  and  to  a  thinner  layer  over  the  south- 
eastern part  of  the  area.    As  has  already  been  remarked,  the  main 
topographic  features  of  the  county,  so  far  as  the  Paleozoic  rooks 
are  concerned,  are  considered  by  the  writer  to  have  been  ap-^ 
proximately  as  they  are  now;  all  the  folding  and  bending  had 
been  completed  and  a  large  part  of  the  erosion  had  been  ac* 
complished.     Since  the  intrusion  of  the  igneous  rocks  the  over- 
lying Paleozoic  rocks  which  served  as  a  cover  have  been  eroded,^ 
and  the  Tertiary  rocks  have  been  deposited  and  also   carried 
away  again,  leaving  only  here  and  there  traces  to  show  wher&> 
they  once  were. 

The  occurrence  of  panidiomorphic  syenite  dikes  cutting  the 
^'trap'^  (fourchite)  and  allied  rocks,  as  well  as  the  adjacent  PaK 
eozoic  shales  near  the  south  end  of  Allis  Mountain  can  only  be- 
explained  by  assuming   that  the  fourchite  is  older  than  all  the- 
syenites,  or  that  it  was  intruded  after  the  blue  and  gray  granites 
were  formed  but  before  the  coarse-grained  miarolitic  dikes  were 
intruded.      In  the  first  case  the  augitic  rock  must  either  have 
retained  some  of  its  original  heat,  or  else,  like  the  shales,  must 
have  been  heated  by  the  neighboring  masses  of  syenite  before  the- 
younger    syenitic  dikes   were   intruded.       If  the    fourchite    is. 
younger  than  the  blue  syenite  it  would  naturally  retain  enough 
heat  to  make  the  intruding  dikes  of  syenitic  material  coarse*^ 
grained. 

When  the  rocks  of  the  Fourche  Mountain  region  are  com- 
pared with  those  from  Saline  county,  a  strong  likeness  is  found 
to  exist  between  the  fourchite  of  the  Fourche  Mountain  region^. 
and  the  dikes  of  black  rock  which  cut  the  syenite  in  Saline 
county.  Without  anticipitating  too  much,  the  Saline  county 
syenites  may  be  said  to  resemble  very  closely  the  gray  granite 
(eleolite  syenite)  of  the  Fourche  Mountain  region^  and  hence  if 
the  two  are  considered  identical  the  fact  that  the  former  are 
cut  by  dikes  similar  to  fourchite  (including  true  monchiquite^ 
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would  suggest  that  in  the  Fourchite  Mountain  region  also  the 
fourchite  is  younger  than  the  gray  granite  (eleolite  syenite).  * 

If  the  sequence  of  the  rocks  of  the  Fourche  Mountain  region 
suggested  above  be  correct  the  rocks  of  this  region  were  formed 
in  the  following  order : — 

First :  The  magma  from  which  the  gray  and  blue  granites- 
(eleolite  syenite  and  pulaskite)  and  the  dikes  belonging  to  them, 
were  formed  was  forced  up  from  below  and  cooled  as  described 
(page  120), 

Second  :     The  fourchite  was  intruded. 

Third:  The  pegmatitic  and  miarolitic  dikes  of  syenitio^ 
material  were  intruded  before  the  earlier  rocks  had  entirely- 
cooled. 

This  is  the  probable  sequence  of  the  formation  of  the  rocks, 
of  Fourche  Mountain  as  far  as  the  igneous  rocks  themselves  are 
concerned.  Their  relations  to  the  sedimentary  rocks  are  such 
that  little  can  be  learned  concerning  the  date  of  their  intrusion^ 
but  by  a  comparison  of  the  facts  known  about  the  age  of  therocka 
of  the  other  regions  (chaps.  V.,  VIII.  and  IX.)  with  those 
known  about  this  region,  it  is  probable  that  the  formation  of 
these  rocks  took  place  during  the  latter  part  of  the  Cretaceous  or 
the  early  part  of  the  Tertiary  period. 

The  want  of  tufa,  ashes,  scoria,  etc.,  indicates  that  these- 
rocks  are  intrusive  and  not  effusive  in  their  character,  but  the 
same  considerations  and  limitations  as  those  suggested  for  the 
Magnet  Cove  rocks  (chap.  YIII.)  must  be  regarded  here. 

Since  the  formation  of  the  syenites  the  Fourche  Mountain 

*  The  other  hxpoi heals  which  has,  however,  little  but  negative  evideDce  to  sapport  it,  is. 
that  the  fourchite  is  older  than  all  the  syenite  masses  and  that  after  its  intrusion  they  were 
formed  in  the  manner  and  the  order  detailed  above.  The  only  points  in  favor  of  this  hypo- 
thesis are  the  fact  that  no  foarobite  dikes  have  been  found  in  the  blue  or  gray  granite  of  the 
Fourche  Mountain  region,  and  the  consideration  that  only  one  change  from  a  basic  to  an  acid 
magma  need  be  assumed,  while  in  the  accepted  hypothesis  a  change  from  an  acid  to  a  basic 
and  then  from  the  basic  back  again  to  an  acid  magma  most  be  assumed  in  order  to  satisfy  the 
facts  observed  regarding  the  mutual  relatioos  of  these  rocks. 

The  first  of  these  points  is  of  but  little  consequence  since  only  a  small  area  of  gray 
granite  (eleolite  syenite)  in  which  fourchite  dikes  might  occur  is  exposed.  If  dikes  of  fourchite- 
oocur  in  the  blue  granite  (pulaskite)  it  is  probable  that  they  are  covered  up  by  blocks 
weathered  syenite  and  are  invisible.  In  regard  fo  the  second  consideration  it  may  be  stated 
that  the  change  from  an  acid  magma  to  a  more  basic  one  is  the  natural  order  of  events  and 
that  the  inversion  of  this  order  is  contrar?  to  the  general  law  of  sequence  of  such  rocks. 
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region  has  been  again  partially  submerged  beneath  the  ocean. 
During  Tertiary  times  a  deposit  of  highly  ferruginous  sandstone 
was  formed,  and  interbedded  with  this  there  is  a  deposit  of 
"bauxite.*  That  the  origin  of  this  material  is  conDected  in  some 
way  with  the  syenite  is  beyond  doubt  for  it  is  only  found  in 
comparatively  close  proximity  to  it  in  both  the  Foarche 
Mountain  and  the  Saline  county  regions. 

Two  suggestions  present  themselves  to  account  for  the  pres- 
ence of  this  material,  neither  one  of  which  seems  completely 
'Satisfactory.  The  first,  and  it  seems  to  the  writer  the  less  prob- 
able of  the  two,  is  that  the  bauxite  is  formed  by  the  decomposition 
of  a  bed  of  clastic  material  which  was  derived  principally  from 
the  syenite.  In  this  way  it  might  easily  occur  interbedded  with 
the  Tertiary  rocks  as  indeed  it  has  been  found,  but  it  would  be 
natural  to  expect  to  find  masses  of  undecomposed  syenite  scattered 
through  it.  This,  however,  is  not  the  case  and  beyond  a  few 
angular  pieces  of  Paleozoic  sandstone  no  foreign  material  has 
"been  found  in  it. 

In  order  to  make  such  a  theory  as  this  tenable  two  trans- 
formations at  least  must  be  assumed  so  as  to  account  for  the 
material  as  at  present  found.  It  is  well  known  that  the 
the  common  decomposition  product  of  syenite  is  kaolin 
•(AI2O3.  2Si02  +  2H2O)  but  in  the  case  of  the  bauxite  little  or 
no  silica  is  present  and  the  rock  has  a  chemical  composition  rep- 
resented approximately  by  the  formula  (Al,  Fe)2  O  (HO)^,  in 
which  the  aluminium  and  iron  may  replace  each  other  in  all  pro- 
portions. In  order,  therefore,  to  produce  such  a  compound,  some 
agent  capable  of  extracting  the  silica  completely  from  the  de- 
<;omposed  syenite  must  be  assumed.  The  only  available  agent 
which  could  act  in  this  way  is  a  strong  alkaline  solution  and  it  is 
probable  that  such  a  solution  would,  at  the  same  time,  act  very 
energetically  upon  the  alumina  itself. 

As  the  undecomposed  syenite  contains  very  little  iron  some 
extraneous  source  of  this  element  must  also  be  assumed  and  its 
presence  in  quantities  amounting  in  some  cases  to  50  per  cent 
must  be  explained  by  the  infiltration  of  ferruginous  material. 

^  See  Vol.  I.  of  the  anoual  report  of  the  Geol.  Surrey  of  Ark.  for  1889. 
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The  baaxite  of  the  Westerwald  and  id  the  neighborhood  of 
Giessen,  Germany,  has  been  stated  to  be  due  to  the  weathering 
of  basalt  while  that  from  other  localities  occurs  as  oolitic  grains 
in  calcite.  In  some  cases  where  the  Fourche  Mountain  syenite- 
has  partially  broken  down  to  kaolin,  an  oolitic  or  pisolitia 
structure  exists. 

The  second  and  more  plausible  theory  is  that  the  bauxite  i& 
the  result  of  hot  spring  action. 

The  water  of  the  Tertiary  sea  penetrated  to  the  still  highly 
heated  igneous  rocks  and  under  the  influence  of  the  high 
pressure  and  temperature  dissolved  the  constituents  of  the 
granites  and  the  neighboring  rocks,  but  in  very  different  pro- 
portions. These  substances  were  brought  to  the  surface  in 
solution  and  the  water  emerged  in  the  form  of  hot  springs,  sur- 
charged with  dissolved  matter.  As  soon  as  the  pressure  was 
removed  and  the  temperature  was  reduced  the  excess  of  dissolved 
matter  began  to  precipitate  in  the  form  of  a  basic  hydrate 
of  aluminium  and  iron,  while  the  more  soluble  salts  of  the  alkalies 
were  still  held  in  solution.  The  continual  bubbling  and  move- 
ment of  the  water  would  result  in  the  formation  of  concretions 
about  some  small  nuclei  as  is  the  case  with  the  calcareous 
Carlsbad  spriidelstein,  and  by  the  solidification  of  these  nodules 
into  a  single  mass  the  bauxite  rock  would  be  formed.  Were  the 
material  carbonate  of  lime  which  is  easily  soluble  in  water  con- 
taining carbonic  acid  instead  of  the  practically  insoluble  hydrate 
of  alumina  there  would  be  no  trouble  whatever  in  explaining 
both  its  occurrence  and  its  form  by  some  such  hypothesis  as  that 
suggested. 

The  kaolin  de^iosits  near  Fourche  Mountain  are  principally 
derived  from  the  decay  of  the  syenite  in  situ.  In  regard  to  these 
deposits,  their  distribution  and  extent,  the  State  Geologist  makes 
a  report  in  Vol.  I.,  of  the  annual  report  of  the  Geological 
Survey  of  Arkansas  for  1889,  and  to  this  the  reader  is  referred 
for  fuither  information  on  this  subject. 
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Distribution     and    Petrooraphic    Character    op    the 
Igneous  Bocks  op  the  Saline  County  Region. 


I.  Distribution. 

II.  Special  Petrographio  Literature. 

III.  Petrograpliic  Description  of  Feldspathic  rocks. 

A.  Eleolite  Syenite  (Gray  Granite). 

1.  Orthoclastio  Eleolite  Syenite. 

a.  Physical  Properties. 

b.  Miueralogic  and  Microscopic  ExamiDation. 

2.  Plagioclastic  Eleolite  Syenite. 

B.  Porphyritlc  Syenite. 

C.  Syenitic  Dike  Rocks. 

1.  Eleolite  Syenite  Pegmatite  Dikes. 

2.  Porphyritic  Dikes. 

a.  iEgirite  Tinguaite. 

b.  Eleolite  Porphyry. 

D.  Porphyritic  Border  Rock  (iEglrite  Tinguaite). 

IV.  Petrographio  Description  of  the  Augitic  Rocks. 

A.  Amphibole  Monchiquite. 

B.  Monchiquite. 

V.  Contact  Rocks. 

VI.  Relation  of  the   Igneous  Rocks  of  Saline  County  to  each 
other  and  to  the  Adjacent  Sedimentary  Rocks. 


I.      DISTRIBUTION. 

On  referring  to  map  III.,  it  will  be  seen  that  the 
^'crystalline  rocks"  of  Owen  cover  many  hundred  acres  in 
Saline  county.  The  areas  in  which  they  appear  are  all 
bordered  by  Tertiary  and  Pleistocene  deposits  and  it  is 
more  than  probable  that  the  syenite  forms  a  continaoas  mass 
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%>eneath  this  thin  superficial  layer.  The  syenite  often 
•eppears  as  loose  blocks  scattered  over  the  sandy  soil  where 
no  solid  masses  of  rock  can  be  found.  Such  areas,  where 
the  soil  is  to  a  great  extent  formed  by  the  disintegration  of 
"eyenite,  are  represented  on  the  map  by  small  red  dots  over 
the  Tertiary  yellow. 

The  general  topography  of  the  country  is  uninteresting. 

In  traveling  from  Benton  to  the  syenite  region,  a  distance 

x>f  about  5  miles  (8km),  it  is  possible  to  keep  along  the  tops 

of  the  Tertiary  ridges  for  the  greater  part  of  the  way,  only 

now   and  then  descending  to  cross  from  one   to   another 

through  the  low  boggy  bottoms  which  lie  between  them. 

None  of  these  ridges  rise  more  than  one  hundred  and  fifty 

feet  (45m)  above  the  general  level  ot   the  country.    The  hills 

«re  heavily  timbered  with  pine    and  post-oak  but  the  soil  is 

thin  and  sandy  and  yields  but  little  return  to  cultivation. 

The  igneous  rock  appears,  for  the  most  part,  in  large, 
flat,  horizontal  or  slightly  sloping  areas  of  smooth  rock. 
Where  enough  soil  has  collected  on  these  areas  to  allow  of  it, 
they  are  usually  covered  with  a  dense  growth  of  cedars.  It  is, 
however,  quite  common  to  find  open  spaces  of  bare  rock  an 
-acre  or  more  in  extent  completely  surrounded  by  a  belt  of 
trees ;  such  openings  are  known  as  ^'cedar  glades."  In 
these  glades  the  surface  of  the  rOck  is  generally  smooth, 
and  it  is  not  an  uncommon  thing  to  find  spaces  containing 
several  thousand  square  feet  completely  free  from  cracks  or 
Joints  of  any  kind  so  that  blocks  of  stone  of  almost  un- 
limited dimensions  could  be  quarried  from  them. 

At  only  three  points  in  this  area  do  the  Paleozoic  rocks 
appear  and  in  all  of  these  cases  tbey  are  more  or  less 
metamorphosed.  The  most  important  of  these  Paleozoic 
masses  is  known  as  Cedar  Park  ^  and  contains  about  thirty 
-acres  (12  hectares).  It  consists  of  a  greenish  shale  which 
is  much  altered  and  disturbed.  The  shale  'dips  about  80^ 
north,  but  it  is  so  broken  that  this  determination  is  very  un- 
•certain.     The  hill  is  covered   with  a  luxuriant  growth   of 

*  Township  2  S.,  noge  14  W.,  toutheast  quarter  of  sectioo  16.    See  map  III.  ▲. 
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cedars  and  preaeatB  a  very  striking  appearance  when  com- 
pared with  the  bare  igneous  rocks  which  immediately  enr- 
round  it.  It  is  cut  by  several  dikes  of  both  syenite  and 
moDchtquite,  which  wilt  be  more  miaately  described  later. 

About  fifty  yards  (45m)  southwest  of  Cedar  Park, 
across  a  deep  cut  in  the  igneous  rock,  another  small  mass  of 
sedimentary  rock,  known  as  "Gold  Hill,"  occurs.  It  is  not 
more  thau  oue  or  two  acres  (0.4  to  0.8  hectares)  in  extent 
and  is  surrounded  on  three  sides  by  syenite,  but  is  bounded 
on  the  fourth,  the  southwest  side,  by  Tertiary  sandstone. 
It  is  probable  that  this  hill  once  formed  a  part  of  the  Cedar 
Park  area  and  was  separated  from  it  by  erosion. 

The  third  point*  where  the  Paleozoic  rocks  appear  is 
just  south  of  the  north  line  of  section  21  and  lies  due  south 
of  the  Cedar  Park  region.  The  rock  in  this  case  is  ao 
included  block  of  shale  about  6'xd'  (1.8x2.7m.)  and  has 
somewhat  the  form  of  a  flat-iron.    (Fig.  8). 


Fig.S.     JfaiJo/FaloBolcrocHncludrdiaclcaliUlyaLiU.     8™le-l:>«, 

The  shale  shows  ita  original  stratitication  very  distinctly, 
and  in  some  places  syenite  has  forced  itself  in  between  the 
layers  of  the  sedimentary  rock  in  such  a  manner  as  to  carve 
them  away  from  the  main  mass.    In  other  places  it  has  filled 

•Th«  thiDki  ol  the  Surteir  an  doe  la  Ur.  SoLoraoii  N«tb«rautt,lliaDWD*rotth*fnitoi 
p*rt  ol  Kctlon  le,  [ar  hl>  help  in  flodlnf  tfala  and  nuny  othu  loctUUa  vUab  wlil  Ii* 
mantloaed  la  th<  courw  of  thli  ctaapMr,  u  wall  u  lor  hU  uiliUiHia  and  guldum  to  obUliilB| 
Iha  daU  loc  tba  imrUl  topognpUo  map  d[  the  ngiOD.    (Uap  IIL  A.) 
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cracks  which  cat  across  the  original  stratification  planes. 

With  these  exceptions  the  syenite  is  everywhere^ 
boanded  by  overlying  sandy  deposits. 

As  has  been  stated,  the  main  portion  of  the  syenite  con- 
sists of  a  gray  variety  of  rock  which  resembles  very  closely^ 
the  gray  granite  (eleolite  syenite)  of  Fonrche  Mountain 
and  only  in  a  few  places  does  anything  which  approaches 
the  bine  granite  (palaskite)  appear.  The  principal  point 
at  which  the  latter  rock  is  found  is  in  the  northwest 
of  the  northwest  quarter  of  section  23,  where  it  forms  several 
narrow  mounds  of  loose  blocks,  20  feet  (6m)  high  by  100 
feet  (30m)  wide  and  500  to  1000  feet  (150  to  300m)  long. 
This  rock  weathers  into  angular  blocks  and  resembles 
macroscopically  in  every  way  the  blue  granite  (pulaskite)  of 
Fourche  Mountain.  It  is  designated  in  this  report  as  porphy* 
ritic  syenite. 

In  the  southeast  quarter  of  section  14*  rocks  occur 
which  show  an  inclination  toward  the  theralite  group.  It 
is  evident  that  they  constitute  a  large  mass  of  rock  in  that 
region  and  that,  like  the  light  colored  eleolite  syenite,  they 
form  large,  flat  surfaces  of  solid,  unbroken  rock.  Macroscop- 
ically they  are  indistinguishable  from  the  eleolite  syenite 
so  that,  without  making  thin  sections  of  all  the  rocks  in  the 
neighborhood,  it  is  impossible  to  judge  of  their  extent. 

In  order  to  avoid  a  detailed  and  uninteresting  descrip- 
tion  of  the  igneous  area  the  reader  is  referred  directly  to 
map  III.  On  this  map  the  principal  masses  of  igneous  rock 
are  indicated  by  special  colors ;  and  the  narrow  dikes  of 
intrusive  rock  of  both  the  monchiquitic  and  syenitic  types 
are  numbered  and  are  referred  to  in  the  general  table.. 
(Chapter  XUI.) 

II.   SPECIAL  PETROGRAPHIC  LITERATURE. 

The  only  mention  of  the  occurrence  of  the  large- 
masses  of  igneous  rocks  in  Saline  county  are  notices  by  W* 

*  On  and  nmr  Mn.  Monlnx'i  property, 
f  GwloglMai  VoL  IL,  IMO, 
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B.  Powell,  D.  D.  Owen  and  F.  L,  Harvey,  in  their  already 
quoted  works. 

Powell*  mentions  having  heard  of  this  region  and  having 
seen  hand  specimens  from  the  locality. 

Owen,  t  says :  ''  As  in  Pulaski  and  Hot  Spring  counties, 
we  have,  in  Saline,  small  areas  occupied  by  crystalline  rocks. 
One  of  the  principal  protrusions  of  granite  in  this  county  is 
in  Township  2  S.,  Range  14  W.  Some  of  this  granite  ia 
quite  porphyritic,  the  feldspar  crystals  standing  out  in 
prominent  relief  on  the  weathered  surface.  Some  of  this 
granite  has  a  graphic  appearance,  and  there  are  disseminated 
through  it  crystals  of  hornblende  and  (schorlamite?).  Some 
of  this  rock  looks  very  much  like  zircon  granite." 

Harvfty  J  remarks,  '*  Typical  granite  occurs  in  Fourche 
Cove,  Saline  county,  and  Magnet  Cove." 

III.      PETROGRAPHIC  DESCRIPTION  OF  FELDSPATHIC  ROCKS. 

A.    Eleolite  Syenite. 

i.     Orthoclastic  Eleolite  Syenite. 

a.     Physical  Properties. 

Use, — The  orthoclastic  eleolite  syenite  occurs  in  large 
masses  and  has*  been  quarried  to  some  extent.  It  is  con- 
siderably used  in  the  immediate  neighborhood  and  limited 
quantities  of  it  have  been  shipped  away.  It  is  probable 
were  better  facilities  for  transportation  afiorded  that  it  would 
become  an  important  stone  for  architectural  purposes.  The 
rock  takes  a  good  polish,  as  is  shown  by  a  small  headstone 
made  of  this  material  which  was  exhibited  at  the  Little 
Rock  Exposition  of  1887,  and  which  is  now  in  one  of  the 
stone-cutting  establishments  of  that  city. 

Color  and  structure. — It  is  a  light  gray  rock  with  oc- 
casionally  a  pinkish   or   buff  tinge  given    it  by   the  flesh 

<*  Geological  Report  on  P'ourcbe  Cove,  etc.,  p.  6. 

t  Secoud  Report  of  a  Geological  ReooDaoissance  of  Arkansas,  etc.,  p.  107. 

t  Minerals  and  Rocks  of  Arkansas,  p.  31. 
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colored  or  yellowieh  eleolite  crystals.  In  general  it  is  coarse 
grained  bat  it  varies  extremely  in  this  regard.  It  presents 
inacroscopically  a  tracbytic  stractare,  wbicb  occasionally 
inclines  towards  a  porpbyritic  structure  on  account  of  a 
diminution  in  the  size  of  ail  the  constituents  except  the 
feldspar. 

The  color  and  the  general  arrangement  of  the  constit- 
uents of  this  rock  are  shown  by  a  chromo-lithograph  of  a 
polished  surface  (see  plate  1,  frontispiece). 

A  pegmatitic  appearance  is  very  common  and  is  due  to 
the  peculiar  arrangement  of  the  large  tabular  feldspars. 
Feldspar  and  eleolite  are  easily  recognized  macroscopically 
but  the  basic  silicates  present  are  usually  too  small  to  be 
identified  by  the  naked  eye. 

Strength. — The  resistance  to  crushing  exhibited  by  blocks 
of  this  stone  which,  however,  were  not  perfectly  fresh,  was 
determined  by  tests  precisely  similar  to  those  made  on  the 
other  syenites.  (See  page  42  seq.)  The  results  are  as  follows: — 

Pressure*  per  square  inch  under  which  cube 
crumbled 20,500   lbs. 

Corresponding  pressure  in  2- inch  cube  calcu- 
lated by  cubic  parabola  formula 22,  350    ^^ 

From  this  it  appears  that  this  rock  is  about  as  strong  as 
the  strongest  true  granite.  Under  the  chisel  it  works  much 
more  easily  than  most  of  the  granites  and  might,  therefore, 
be  used  to  advantage  for  carved  work  for  interior  decoration. 
Exposed  to  the  weather  this  rock  does  not  appear  to  stand 
very  well.  The  refuse  chips  from  some  blocks  quarried  ten 
or  fifteen  years  ago  for  building  chimneys  and  making  door- 
steps have  been  left  exposed  to  the  weather  in  the  open  pits 
where  they  were  first  broken.  These  show,  almost  without 
exception,  a  decided  tendency  to  crumble  on  the  edges  and 
when  broken  with  a  hammer  do  not  yield  sound  specimens. 

^  This  test  like  those  upon  the  Fourche  Mountain  rock  was  made  upon  a  cube  less  than 
1  wo  inches  on  an  ed^e.    The  figures  obtaloed  from  the  test  before  reduction  are  as  follows : — 

Area  of  surface  oTerwhich  pressure  was  distributed »..  2.84  sq.    in. 

rushing  load ^ ^ 48,000  lbs. 
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Tt  would  appear  from  thi«  that  the  rock  is  not  euited  to 
outside  work  but  might  well  be  used  for  interior  construction. 
Weight. — The  following  physical  properties  have  beea 
determined : — 

Absorptivenefie ., ^  1  :  656 

Specific  gravity 2.603 

Weight  per  cubic  foot 16168  lbs. 

Weight  per  cubic  meter ^ 2605.82  kilos. 

b.  Mineraiogic,  Microscopic  and  Chemical  Investigation. 

Under  the  microscope  the  structure  of  this  rock  is  seen 
to  be  hypidiomorphic  granular  often  with  a  pegmatitic  ar- 
rangement of  its  constituent  minerals. 

Orthoclase  is  by  far  the  most  important  constituent  of 
the  rock.  It  forms  large  white  opaque  crystals  10  to  15mm 
in  diameter  which  are  usually  tabular  parallel  to  the  clino- 
pinacoid  (010)  and  are  commonly  twinned  according  to  the- 
Carlsbad  law.  CTnder  the  microscope  they  are  occasionally 
opaque  about  the  edges  with  transparent  centerd,  but  they^ 
are  also  often  completely  transparent.  The  cleavage  planes 
parallel  to  the  base  (001)  and  clinopinacoid  (010)  are  very^ 
distinctly  marked  by  the  cracks  across  the  crystal.  In  the 
opaque  varieties  these  appear  as  light  lines  across  a  grayish 
field.  An  indistinct  separation  has  also  been  observed  in 
another  direction  and  is  probably  parallel  to  some  one  of  th^ 
orthodomes  (compare  page  74.)  In  some  cases  a  secondary 
filling  in  of  these  cracks  and  a  bordering  of  the  whole  crystal 
by  a  transparent,  colorless  substance  has  been  observed. 
This  material  has  a  medium  double  refraction  and  a  low 
index  of  refraction,  but  its  extinction  is  sharp.  In  the  cases 
where  it  fills  the  cracks  of  the  crystals  it  is  in  the  form  of 
very  slender  wedges  whose  bases  are  in  the  faces  of  the 
crystals.  The  material  presents  the  appearance  of  albite* 
but  its  character  has  not  been  definitely  determined.  The 
orthoclase  is  decidedly  microperthitic  in  its  structure  and  ia 
very  rich  in  gas  and  liquid  inclusions. 

#CoDPM«  Boienbaicb,  Phyaiog.  II.,  p.  81. 
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EleolUe  appears  in  this  rock  in  crystals  which  are  often  as 
mach  as  lOmm  in  diameter.  It  is  asaally  of  a  flesh-pink, 
oily-brown  or  yellow  color  and  may  easily  be  recognized  by 
its  greasy  appearance.  It  occasionally  appears  in  well  de- 
fined crystals,  but  as  a  rule  it  is  bounded  by  the  surrounding 
.feldspars.  Under  the  microscope  it  is  transparent  and  is 
easily  distinguished  from  the  semi-opaque  orthoclase  which 
6urrounds  it.  It  seems  in  very  few  cases  to  have  undergone 
the  decomposition  which  is  so  characteristic  of  it  in  the 
rocks  from  the  Fourche  Mountain  region.  Its  double  refrac- 
tion is  higher  than  that  of  the  already  described  species  and 
the  sections  extinguish  sharply  between  crossed  nicols.  In 
-convergent  polarized  light  a  comparatively  sharp,  black 
cross  appears  which,  when  tested  with  a  mica  plate,  shows 
the  character  of  the  double  refraction  to  be  negative.  The 
eleolite  often  contains  many  included  basic  silicates;  in 
€ome  cases  these  appear  only  in  the  eleolite  and  not  in  the 
other  constituents  of  the  rock.  The  alteration  to  analcite, 
although  not  nearly  so  common  as  was  the  case  in  the 
Fourche  Mountain  rock,  has  been  observed  in  the  rock  from 
€ome  localities  in  the  Saline  county  region. 

SodaliU  has  been  observed  in  perfectly  isotropic  masses 
which  are  wedged  in  between  the  orthoclase  crystals  in  the 
«ame  manner  as  the  eleolite,  and  they  can  only  be  dis- 
tinguished from  the  latter  by  their  total  lack  of  optic  activity. 
The  cleavage  cracks  are  indistinct  and  no  indication  of  the 
<^rystal  form  can  be  obtained  from  them.  The  crystals  are 
fisually  clear  and  show  little  or  no  indication  of  alteration. 

Basic  constituents  consisting  of  biotite,  amphibole  and 
pyroxene  are  grouped  together  in  somewhat  the  same  way 
in  which  they  appeared  in  the  blue  granite  (pulaskite)  of 
Fourche  Mountain.  The  biotite  is  evidently  the  oldest  of 
the  three  for  it  is  always  idiomorpically  bounded  where  it 
-comes  in  contact  witu  the  amphibole  and  pyroxene.  (See 
p.  61). 

Biotite  forms  small  plates  seldom  more  than  2  millimeters 
in  diameter.    They  are  often  elongated  in  the  direction  of 
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one  of  the  lateral  axes  so  as  to  form  long  narrow  plates. 
The  optic  axis  angle  is  extremely  small  and  the  extinction 
is  at  right  angles  to  the  cleavage-planes.  The  pleochroism 
is  between  yellow  and  brown  and  the  absorption  is  medium. 
The  crystals  are  remarkable  for  the  immense  number  of 
inclusions  which  they  contain.  These  inclusions  are  in  the 
form  of  neatly  terminated  colorless  crystals  which  often ' 
attain  a  length  of  0.1mm.  They  are  prismatic  in  form  and 
are  truncated  by  an  oblique  plain  which  makes  an  angle  of- 
about  70°  with  the  vertical  axis.  The  index  of  refraction 
and  the  double  refraction  are  both  high.  The  extinction  in 
sections  approximately  parallel  to  the  clinopinacoid  (010)  has. 
been  observed  to  be  about  25°  and  the  axis  of  least  elasticity 
lies  in  the  acute  angle  )3.  This  would  indicate  that  the  in- 
clusions are  allied  to  hornblende.  Crystals  of  titanite  ar& 
often  included  in  the  plates  of  biotite. 

Pyroxene  appears  as  diopside  and  forms  crystals  which 
occasionally  attain  a  length  of  several  millimeters  and  re- 
semble  very  closely  the  forms  described  under  gray  granite- 
(eleolite  syenite),  (p.  77).  In  this  case,  however,  the  green 
edges  are  somewhat  broader  and  the  centers  are  more 
distinctly  separated  from  the  outside  zone.  The  angles  of 
extinction,  as  measured  on  the  inside  and  outside,  are- 
respectively  34°  and  8°.  The  crystals  contain  a  few  large- 
inclusions  of  other  minerals,  notably  of  biotite  and  apatite,, 
and  gas  inclusions.  Liquid  inclusions  have  not  been 
observed. 

Amphibole  occurs  associated  with  the  diopside  and  is- 
generally  a  much  more  important  mineral  than  the  latter.. 
It  is  the  youngest  among  the  basic  silicates  and  in  many 
instances  it  surrounds  all  the  others.  Cases  occur,  however « 
in  which  it  is  in  turn  surrounded  by  diopside.  It  occurs  in 
black  crystals  two  or  three  millimeters  in  length  which,, 
in  thin  sections  under  the  microscope,  are  of  a  beautiful 
bluish  green  color.  They  are  seldom  well  terminated  and 
usually  show  evidence    of  having  been   corroded  on  th^ 
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edges  by  the  action   of  the  magma.    They  are   decidedly 
pleochroitic  according  to  the  following  scheme : — 

parallel  a  light  greenish  yellow. 

parallel  b  blue-green. 

parallel  c  blue-green. 

The  absorption  is  b=c>a. 

The  amphibole  appears  from  the  foregoing  facts  to  be 
allied  to  the  arfoedsoniU  group  and  it  probably  contains  a 
considerable  amount  of  sodium  in  its  composition.  Its  color, 
although  the  same  as  that  of  the  diopside,  is  easily 
distinguished  from  the  latter  by  the  different  shades  which 
it  assumes.  While  the  diopside  is  of  a  grass-green  or  yellow- 
j2^reen,  the  amphibole  has  in  all  directions,  except  one, 
(parallel  a)  a  bluish  tinge  in  its  color,  and  by  revolving  the 
section  the  bluish  shade  must  appear  in  one  position  or  the 
other.  This  is  not  the  case  with  the  diopside  whose  only 
change  in  color  is  between  various  shades  of  yellowish  green* 
After  having  once  established  these  differences,  by  observa- 
tion on  sections  where  the  characteristic  cleavage  cracks  are- 
visible  it  is  a  simple  matter  to  apply  them  in  other  cases. 

The  amphibole   contains  inclusions  of  the  other  basic 
silicates  and  notably  of  diopside.    The  latter  occurs  in  it  as- 
small  irregular  plates  which  are  characterized,  as  has  just 
been  described,  by  their  yellowish  green  color.     They  give^ 
to  the  amphibole  a  spotted  appearance. 

TilanUe  appears  frequently  in  this  rock  and  always  in  it» 
characteristic  forms.    Twins  are  rare. 

Apatite  and  magnetite  are  both  present,  the  latter  in  large: 
crystals  which  often  include  the  former. 

An  analysis  of  this  rock  was  made  by  the  Survey,  W.  A.. 
Noyes,  analyst,  and  gave  the  following  results: — 

Analysis  of  orthodontic  eleolite  syenite. 

SiO, 59.62 

AIA 18.67 

Fe,0,  andFeO 6.07 

CaO 1.80 

MgO 0.84 


136  ANN  UAL  REPORT  STATE  OBOIiOOIST. 

K,0 5  66 

Na,0 -  6.95 

LiO, trace 

HjO  (loss  on  ignitioD) 0.80 

Total 99.40 

It  is  evident  from  this  analysis  as  well  as  from  the  pre- 
-ceding  mineralogic  description  that  this  rock  is  almoBt 
identical  with  the  gray  granite  from  the  Foarche  Moun- 
tain region.  It  appears  also  to  have  much  in  common  with 
the  eleolite  syenite,  described  by  Brogger  (Syenitpegmatit- 
g'dnge,  p.  33)  as  laurdalite,  although  like  the  similar  rock 
from  Fourche  Mountain  its  silica  is  too  high  to  make  it  com- 
pletely identical  with  the  Norwegian  variety, 

2,  Plagioclaatic  Eleoliie  Syenite. 

Although  in  its  general  appearance  and  mode  of  occur- 
rence this  rock  is  so  like  the  preceding  that  it  has  not  been 
possible  to  draw  a  sharp  line  of  distinction  between  the  two, 
still  it  seems  necessary  to  describe  the  two  separately,  both 
because  of  the  rarity  of  this  variety  of  rock  in  the  region 
and  because,  for  several  reasons,  its  description  cannot  be 
satisfactorily  combined  with  that  of  the  purely  orthoclastic 
variety.  As  has  already  been  stated  (p.  129)  the  plagio- 
clastic  rock  appears  in  precisely  the  same  form  in  which  the 
orthoclastic  eleolite  syenite  occurs  and  constitutes  large  flat 
areas  similar  to  those  which  were  characteristic  of  the  latter. 

Structure. — Macroscopically  the  plagioclastic  eleolite 
fiyenite  has  a  pinkish  color  which  is  due  to  the  eleolite 
<3rystals  and  it  is  dotted  here  and  there  with  large  black 
pyroxenes.  Its  structure  is  somewhat  similar  to  that  of  the 
rock  just  described,  but  may  be  considered  to  be  more  truly 
granitic.  It  consists  of  a  holocrystalline  granular  combina- 
tion of  eleolite,  orthoclase,  plagioclase  and  pyroxene. 

The  eleolite  crystals  are  the  first  to  catch  the  eye.  They 
make  up  at  least  25  per  cent  of  the  rock  and  are  charac- 
terized, precisely  as  they  were  in  the  orthoclastic  eleolite 
syenite,  by  their  oily  appearance  and  brownish  pink  color. 
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They  have  been  observed  in  some  cases  to  be  as  much  as  6 
millimeters  in  diameter. 

The  basic  silicates  found  in  the  rock  are  usually  small, 
but  occasionally  a  large  pyroxene  crystal  (5  to  10mm  long) 
•appears.  The  pyroxene  is  then  easily  recognized  macros - 
-copically  by  its  black  color  and  its  prismatic  angle  of  93°. 

The  feldspathic  components  form  small,  white  crystals, 
seldom  more  than  2  millimeters  in  length.  There  appears 
to  be  no  recurrence  of  crystallization  of  the  same  mineral 
•and  therefore  no  truly  porphyritic  structure,  although  the 
-difference  in  size  of  the  various  components  occasionally 
-causes  the  rock  to  present  such  an  appearance. 

EleolUij  when  microscopically  examined,  is  found  to  be 
identical  with  that  of  the  orthoclastic  eleolite  syenite  and 
its  properties  need  no  further  mention.  It  is  usually  fresh, 
but  in  a  few  cases  the  formation  of  secondary  products  has 
been  observed. 

Orihodase  is  much  less  common  than  the  plagioclase  but 
when  present  it  forms  the  same  dull,  semi-opaque,  tabular 
crystals  that  characterized  it  in  the  orthoclastic  rock.  In 
the  plagioclastic  rock  the  crystals  are  somewhat  thicker,  are 
free  from  inclusions,  and  the  intergrowth  with  albite  is  less 
frequent. 

Plagioclase  occurs  as  fresh  crystals  which  show  a  sharp 
-extinction  and  are  characterized  by  polysynthetic  twinning 
•according  to  the  albite  law.  The  individuals  are  frequently 
a  millimeter  in  length  (section)  and  about  one-third  that 
thickness.  They  are  thin  tabular  parallel  to  ooPob  (010)  or 
prismatic  parallel  to  a,  and  are  seldom,  or  never,  perfectly 
terminated.  Measurements  made  on  a  number  of  crystals 
which  showed  equal  extinction  angles  on  both  sides  of  the 
composition  plane  gave  as  a  mean  angle  15°.  This  indicates 
that  the  plagioclase  belongs  to  the  labradorite  group,  but  the 
chemical  analysis  of  the  whole  rock  shows  so  little  lime  that 
these  results  are  open  to  doubt. 

The  albite  law  of  twinning  appears  to  be  the  only  one 
'Which  is  of  importance.     The  pericline  law  has  not  been 
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observed.  Owing  to  the  minQtenesB  of  the  crystals  ani 
want  of  time  no  gravimetric  separation  of  the  feldspars  wa& 
attempted.  It  is  evident,  howeveri  that  such  a  separation 
and  the  subsequent  analyses  of  the  material  obtained  would 
be  of  much  value  in  determining  the  character  of  the  plagio- 
clase  of  this  rock. 

Pyroxene, — The  only  member  of  the  pyroxene  groap 
which  has  been  observed  is  cegirite.  Although  a  few  large 
crystals  have  been  found  this  mineral  usually  appears  as. 
slender  needles  bounded  by  coP  (110)  and  ooPob  (100).  The^ 
ends  of  the  vertical  axis  seldom  show  any  truncations,  bat. 
in  one  or  two  instances  the  base  (001)  and  the  principal 
negative  pyramid  (?)  (Ill)  have  been  observed.  The  actual 
linear  relation  of  the  crystallographic  dimensions  (not  the 
axis  ratios)  which  have  been  observed  on  the  smaller  crystals, 
may  be  expressed  by  the  following  ratio  : — 

ic:y:2*=5:l:25 
In  sections  at  right  angles  to   the   vertical   axis  the 
cleavage-cracks    are   remarkable   for   their  sharpness    and 
abundance. 

Pleochroism  is  quite  marked  and  the  colors,  between. 
which  the  variation^  take  place,  are  as  follows : — 
parallel  a  grass-green, 
parallel  b  yellowish  green, 
parallel  c  yellowish  green. 
The   angle   of  extinction    in   sections    parallel  to    the 
symmetry-plane  seldom  exceeds  4°. 

The  index  of  refraction  is  high — higher  than  that  of  the- 
Canada  balsam — so  that  the  sections  present  a  slightly  rough, 
surface.    The  edges  of  the  crystals  are  usually  bounded  by 
narrow,  black  bands  which  are  produced  by  the  total  refrac-^- 
tion    of  light.      The  double  refraction  is  strong  and   the 
crystals  exhibit  high  polarization  colors. 

These  crystals  seldom  occur  in   groups  but  are  usually 
found  scattered  singly  among  the  other  constituents.     They 

« These  I«tt«rs  represent  the  rectangular  axes  whose  podtions  are  such  Uiatsliet  in, 
the  same  plane  with  a  and  makes  thb  angle  16^49^  with  it;  y  lies  parallel  to  b  and  •  parallel  to  e«_ 
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appear  very  frequently  included  in  the  eleolite.      Many  of 
them  are  of  secondary  origin. 

Titanite  is  rare  and  apatite  and   magnetite  have  not  been 
observed.     The  rock  is  on  the  whole  very  poor  in  dark 
colored  components  and  phenocrystic  minerals  of  the  first 
generation. 

Decomposition  products. — In  the  case  where  the  eleolite 
has  been  decomposed  there  appear,  lying  in  an  isotropic  or 
weakly  anisotropic  groundmass,  bunches  of  minute  needles 
which  were  proved  by  means  of  a  selenite  plate  to  possess  a. 
positive  double  refraction.  Other  larger  spaces  when  tested 
in  the  same  way  gave  similar  results.  It  is  probable,  there- 
fore,  that  these  needles  should  be  referred  to  ranite*  of  Paij- 
kullor  hydronephelite  t  of  Clarke  and  Diller,  but  want  of 
time  has  prevented  any  experimental  proof  of  this  supposi^ 
tion. 

A   chemical  analysis  of  this  rock  was  made    by  the^ 
Survey,  W.  A.  Noyes,  analyst,  with  the  following  results : — 

AncUysis  of  plagioola^tic  eleolite  syenite. 

SIO, 58.74 

AljOj 20.85 

Fe,0, 4  15 

CaO 0.86 

MgO 0  22 

K,0 4.23 

Na,0 9  72 

H,0  (Ignition) 1.82 

Total 100.09 

The  analysis  shows  the  similarity  between  this  and  the^ 
orthoclastic  eleolite  syenite  and  at  the  same  time  the  excess 
of  sodium  over  the  potassium  indicates  that  the  plagioclastia 
rock  is  much  richer  in  sodium  feldspar,  and  probably  also  in 
eleolite,  than  the  orthoclastic  variety.  The  small  amount  of 
lime  in  the  rock  indicates  that  the  plagioclase  isalbitic  in  its 

•S.  R.  Paijkall,  Mln.  Motisen.  InauR.  DlsserUtion,  Stockholni,  1875.  Cited  after 
Br6gs«r(8jreDitpcgaiatitg<nge,  p.  235).    Ii  Eoglish  iocorrectly  spelled  rauite. 

t  F.  W.  Clarke,  Mincrala  of  Litchfield,  Maioe,  Am.  Jour,  Sol.,  Series  8,  Vol.  XXXI.,, 
1886,  p.  287. 
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xsompositioD  and  not  labradoritic  as  was  indicated  by  the 
extinction.  The  rock  approaches  a  ihercUUe  in  its  mineralofi^c 
-and  chemical  composition,  bat  that  it  should  not  be  called 
^ach  is  evident  from  its  genetic  relations  and  from  the  fact 
'that  accessory  plagioclase,  even  in  considerable  qaantitiee, 
is  by  no  means  uncommon  in  true,  orthoclastic  eleolite 
syenites. 

B,    Porpbyritic  Syenite. 

In  the  short  description  that  was  given  (p.  129)  of  the 
Saline  County  region  the  occurrence  of  a  porpbyritic  variety 
of  the  syenite  was  mentioned.  This  occurs  in  the  northwest 
quarter  of  the  northwest  quarter  of  section  23,  *  and  it  is 
also  found  at  several  other  points,  but  the  quantities  are  so 
Insignificant  as  to  be  unworthy  of  special  mention.  The 
Tock  is  of  a  bluish  gray  color  and  resembles  very  closely  the 
blue  granite  (pulaskite)  of  the  Fourche  Mountain  re- 
gion, except  that  in  this  case  the  amount  of  augite  present 
is  much  lesd  than  the  amount  of  hornblende,  and  the  eleolite 
is  entirely  wanting.  It  shows  a  similar  but  more  marked 
trachytic  porpbyritic  structure,  produced  by  the  large 
grayish  orthoclase  crystals  lying  imbedded  in  a  fine-grained 
base.  The  only  minerals  which  can  be  detected  macrosoop- 
ically  are  the  orthoclase,  which  occurs  in  comparatively 
large  crystals  characterized  by  their  perfect  cleavage,  and 
titanite,  which  appears  in  small,  resinous,  yellow  crystals. 
'Occasionally  black  prisms  show  the  presence  of  some  basic 
silicate  but  they  are  too  small  to  allow  of  a  macroscopic 
<ii8tinction  between  pyroxene  and  amphibole. 

Under  the  microscope  the  porpbyritic  character  of  the 
Tock  is  immediately  evident.  The  large  orthoclase  crystals 
are  usually  much  rounded  and  lie  in  a  fine-grained,  hypi- 
<liomorphic  granular  base  made  up  of  smaller  crystals  of 
orthoclase  and  the  basic  silicates. 

Orthoclase  occurs  in  large  crystals,  tabular  parallel  to  the 
'clinopinacoid  (010),  which  often  reaches  10  or  15  millimeters 

•  So*.  277,  278  and  279  of  ihe  general  Uble  la  Chap.  XIII. 
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ID  its  greatest  dimeDsion.     The  crystals  are  of  a  blaish  gray 
color  and  cleave  readily  parallel  to  the  base  (001),  showings 
a  mother-of-pearl  lastre  on  the  cleavage-planes. 

Under  the  microscope  they  are  seen  to  be  much  cor- 
roded and  evidently  belong  to  the  older  constituents  of  the 
rock.  They  are  often  quite  opaque  and  show  sharply  defined 
cleavage- cracks  like  those  previously  described  in  similar 
crystals  (p.  182).  They  appear  to  be  comparatively  free 
from  any  admixture  of  other  feldspathic  material  and  it  i». 
only  in  extremely  rare  cases  that  any  tendency  towards  a. 
microperthitic  structure  has  been  observed. 

Amphibole  is  by  far  the  most  important  basic  silicate  in 
the  rock.  It  occurs  in  prismatic  crystals  which  are  two  or- 
three  times  as  long  as  they  are  broad.  Under  the  microscope 
it  is  of  a  greenish  blue  color  and  is  in  every  respect  identical 
with  that  just  described  under  the  head  of  eleolite  syenite 
(p.  184),  and  should  probably,  like  that,  be  considered  as. 
belonging  to  the  variety  arfvedaonite. 

The  crystals  of  amphibole  are  often  very  much  corroded 
and  they  frequently  include  quantities  of  feldspathic  substance 
which  has  in  some  cases  evidently  eaten  its  way  into  the 
interior  of  the  crystals  and  there  crystallized  in  small  indivi- 
duals. In  other  cases  this  feldspathic  material  was  probably 
an  original  inclusion  of  magma  which  afterwards  assumed 
the  form  of  a  fine-grained  orthocUse  in  exactly  the  same 
manner  as  the  groundmass.  In  some  cases  the  amphibole 
crystals  are  entirely  made  up  of  smaller  ones  which  are  then 
usually  arranged  in  parallel  positions,  but  small  individuals, 
are  occasionally  found  which  are  not  in  such  a  position. 

BiotUej  when  it  occurs,  is  usually  much  corroded  and  ia 
often  surrounded  with  small  crystals  of  secondary  origin. 
In  other  respects  its  characteristics  are  normal. 

Pyroxene  has  seldom   been   observed.      When    it   doea 
occur,  it  forms  large  crystals  which  exhibit  a  decided  zonal 
structure  and  are  surrounded  with  amphibole.     It  is  of  the- 
variety    diopside    whose  physiography    has  already   beea 
sufficiently  described. 
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Titanite  occurs  in  large  quantities  in  all  the  sections,  oif«D  in 
large  idiomorphic  crystals,  but  more  commonly  as  small, 
rounded  globules  which  possess  a  very  high  index  of  refraction. 
These  are  of  a  yellowish  color  and  stand  out  distinctly  from  the 
rest  of  the  section.  One  of  these  when  tested  in  convergent 
polarized  light  gave  the  characteristic  interference  figure  of 
titanite.  In  other  respects  they  present  very  much  the  appear- 
ance of  the  perofskite  grains  described  by  Diller,  Brackett,  etc. 
^see  chap.  XIV). 

Apatite  is  rare. 

Magnetite  is  present  in  large  crystals,  but  as  it  is  always 
surrounded  by  a  band  of  leucoxene,  titanite  or  some  other 
titaniferous  mineral  it  is  probable  that  it  is  itself  highly  litani- 
ferous. 

The  groundmass  consists  of  small  allotriomorphic  orthoclase 
crystals  and  some  araphibole  which  are  so  massed  and  dove- 
tailed together  as  to  form  a  perfect  mosaic.  The  orthoclase 
crystals  are  distinguished  by  their  moderate  double  refraction 
and  the  fact  that  in  convergent  polarized  light  a  single  optic 
axis  often  appears.  Thepe  crystals  are  often  dotted  over  with 
minute  magnetite  crystals  which  do  not  seem  to  be  titaniferous 
like  the  larger  ones  and  in  many  cases  appear  simply  as  a  fine 
dust.  The  small  globular  titanite  grains  already  described 
occur  very  frequently  in  the  groundmass  and  increase  its  gener- 
ally dirty  appearance. 

In  some  of  the  sections  circular  spots  often  as  much  as  a 
millimeter  in  diameter  occur,  which  either  contain  nothing  but 
the  small  orthoclase  crystals  just  described,  or  else  orthoclase 
crystals  among  which  are  scattered  comparatively  large  plates  of 
amphibole.  These  plates  are  often  arranged  in  concentric  circles, 
resembling  very  much  the  arrangement  of  the  inclusions  in 
leucite.  The  exterior  form  of  these  ^'groups''  of  orthoclase  is  not 
sharp,  but  in  every  case  in  which  these  spots  have  been  observed 
they  are  approximately  circular  or  else  form  regular  polygons. 
It  appears  as  though  there  had  been  a  tendency  to  form  some 
regular  crystal  but  that,  instead  of  assuming  its  regular  internal 
structure,  the  crystal  had  become  a  mass  of  orthoclase  which,  to 
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'some  exteoti  preserved  the   external  form  of  the  uucorapleted 
-crystal.     The  ground  for  such  a  supposition  will  be  found  in  the 
t>onsideration   of  the   pseudomorphs   of  orthoclase   and    nephe- 
line  after  leucite  described  later.     (Chapter  VII.  ii.  C.  1). 

As  neither  eleolite  nor  any  of  its  decomposition  products 
have  been  observed  this  rock  has  b^en  classed  as  a  porphyritio 
syenite.  It  is  probable,  however,  from  its  mode  of  occurrence  that, 
had  the  conditions  been  right,  eleolite  would  have  been  formed. 
It  is,  therefore,  in  reality  to  be  considered  as  genetically  con* 
nected  with  the  eleolite  syenite  and  as  bearing  precisely  the 
^same  relation  to  it  that  the  pulaskite  of  the  Fourche  Mountain 
region  bears  to  the  eleolite  syenite. 

C.    Syenitic  Dike  Rocks. 

1.     Eleolite  Syenite  Pegmatite  Dikes. 

In  several  places  in  the  great  masses  of  eleolite  syenite 
and  especially  in  those  of  the  southeast  quarter  of  section  16, 
-dikes  of  pegmatitic  rock  occur,  which  range  from  a  few  inches 
to  several  feet  in  width.  These  are  for  the  most  part  coarse- 
•grained  and  in  several  cases  contain  ores  of  lead  and  other 
metals  in  small  quantities.  The  positionu  of  these  dikes  are 
indicated  by  the  orange-colored  lines  on  maps  III.  and  III.  a. 
which  are  numbered  as  iollowH :  248,249,252,258,259,  261, 
263. 

Macroscopically  they  consist  of  a  combination  of  orthoclase 
and  a  small  quantity  of  some  dark  colored  basic  silicate, 
associated  with  the  metallic  sulphides  when  such  are  present. 
The  general  appearance  of  the  rock  is  pegmatitic. 

Microscopically  the  orthoclase  is  microperthitic  in  its 
atructure  and  is  somewhat  weathered  in  spots.  The  basic 
silicates  with  few  exceptions  consist  of  cegirite  iu  the  form  of 
masses  of  small  yellowish  green,  acicular  crystals.  These  are 
often  grouped  together  in  irregular  masses  as  if  they  had  been 
formed  by  the  decomposition  of  some  older  minerals.  In  a  few 
oases  they  are  of  larger  size  and  show  a  distinct  cleavage  parallel 


144  ANNUAL  BBPOBT  STATS  QKOIiOaiST. 

to  the  pri8m  faces.  The  pleocLroism  and  other  optic  character^ 
istics  are  such  as  have  already  been  described.  Amphibole  and 
biotite  are  of  much  less  common  occurrence  than  the  sBgirite. 

Eleolite  occurs  in  large  crystals  which  usually  occupy  the 
interstices  between  the  orthoclase  crystals  and  take  their  form 
from  them.  In  a  few  cases,  however,  they  are  idiomorphioally 
bounded  and  then  the  structure  becomes  truly  panidiomorphio 
granular,  while  in  the  other  cases  it  is  only  hypidiomorphio 
granular. 

There  is  so  much  difference  between  the  various  dikes  that 
many  of  them  must  be  taken  up  separately  and  their  pecnliaritiea 
described.  It  is  to  be  understood  that  only  those  points  are 
mentioned  in  which  the  dike  in  question  differs  from  the  others. 

Dike  No.  24,8  (See  map  III.  A.)  This  is  fine-grained  and 
shows  stout  orthoclase  crystals  intergrown  with  albite  (?)  io 
microperthitic  arrangement  and  also  to  a  great  extent  sur- 
rounded by  it.  The  albite  is  white  and  fresh  and  shows  sharp 
extinction  and  negative  double  refraction,  A  plagioclase  has  been 
observed  which  is  probably  labradorite  but  it  can  only  be  con- 
sidered as  an  accessory  component.  Amphibole  and  biotite  occur 
in  minute  crystals,  intimately  associated  with  titanite  and  foiling 
with  it  small  bunches  of  colored  crystals. 

Dike  No.  261,  At  least  80  per  cent  of  this  dike  consists  of 
flesh-colored  or  yellowish  eleolite  which  is  partly  fresh  and 
partly  altered  to  long,  slender  decomposition  products.  These 
show  a  very  strong  double  refraction  which  suggest  the  presence 
of  caucrinite  (see  chap.  VII.  ii.  B.  1.)  Aegirite  occurs  in 
slender  needles  and  gives  a  greenish  color  to  the  rock.  Ortho- 
clase is  present  only  in  small  quantities  but  is  usually  not  quite 
fresh  and  therefore  presents  a  semi-opaque  appearance  under  the 
microscope. 

Dike  No.  263.  This  is  coarse-grained  and  shows  large^ 
microperthitic  orthoclase  crystals  often  10  to  16  millimeters  in 
length,  which  are  tabular  parallel  to  the  clinopinacoid  (010)« 
Between  these  are  found  large  crystals  of  eleolite,  often  much 
decomposed,  in  which  crystals  of  fiegirite  and  occasionally  of 
amphibole  are   imbedded.     These  segirite  crystals  are  of  two 
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gCDerations;  large,   idiomorpbio   primary   crystals,  and  small^ 
idiomorphio  aoioalar  crystals  of  a  later  formatioD* 

Dike  No.  i52.  This  small  dike  is  only  a  few  meters  loDg 
and  pierces  the  Paleozoic  rook  of  Cedar  Park.  It  is  peculiar  iiK 
that  it  contains  both  quartz  and  plagioclase. 

The  orthoclase  occurs  in  stout  idiomorphic  crystals  which* 
are  often  prismatic.  Under  the  microscope  it  is  distinctly 
micropertbitic.  The  plagioclase  is  very  scarce  and  occurs  only 
in  small  crystals.  From  its  extinction  angle  it  appears  to  belong 
to  the  labradorite  group.  The  quartz  is  in  small  masses  in- 
cluded between  the  feldspars.  It  is  sharp  in  its  extinction  and 
in  a  section  which  remained  almost  dark  during  a  complete  rev- 
olution of  the  stage  showed  in  convergent  polarized  light  an 
indistinct  black  cross  whioh,  when  tested  with  a  mica  plate^ 
indicated  the  positive  double  refraction  of  the  mineral.  The 
only  basic  silicate  found  is  a  bluish  green  amphibole  which 
occurs  in  large  crystals  very  much  corroded  arouud  the  edges. 

In  this  rock  both  the  plagioclase  and  quartz  are  accessory 
mineraU.  It  is  probable  that  the  rock  took  up  the  silica 
necessary  to  form  the  quartz  from  the  Paleozoic  rock  through 
which  it  passed. 

Dike  No.  ^49.  This  is  of  a  dark  yellowish  brown  color  and 
is  very  fine  grained.  It  is  spotted  with  dark  flecks  8  or  4mm 
in  diameter  which  appear  to  contain  small  quantities  of  galenite. 

Under  the  microscope  the  rock  is  seen  to  consist  of  emall^ 
lath-like  feldspar  crystals  very  irregularly  arranged.  Many  of 
these  show  a  polysynthetic  twinning,  while  others  are  made  up 
simply  of  two  individuals  in  Carlsbad  combination.  It  is  prob- 
able, however,  that  the  majority  of  these  are  orthoclase.  The 
only  basic  silicate  which  is  recognizable  is  amphibole;  the  rest,  if 
others  there  be,  are  too  much  decomposed  to  be  determined. 

This  rock  is  so  completely  holocrystalline  and  any  tendency 
to  a  porpyritic  structure  is  so  entirely  wanting  that,  notwith- 
standing the  allotriomorphic  character  of  its  crystals  and  its  fine- 
grain,  it  has  been  classed  among  the  aplitic  dikes.     «i 

It  appears  from  the  foregoing  that  these  several  pegmatitio 

10  GcolofflMl;  Vol.  IL,  H90. 


146  ANNUAL  BEPOBT  STATE  QEOLOaiST, 

dikes  caD  hardly  be  considered  as  all  of  one  kind,  and  yet  it  u 
probable  that  they  were  all  formed  from  one  magma  and  that  their 
variations  are  due  more  to  the  different  ways  in  which  they 
cooled  and  to  the  difference  in  the  side  walls  between  which  they 
are  included  than  to  any  difference  in  the  composition  of  the 
magmas  from  which  they  were  formed. 

S.     Porphyritic  Dikes. 

The  eleolite  syenite  is  cut  by  numerous  dikes  which  are 
porphyritic  and  not  pegmatitic  in  their  structure  and  do  not  re- 
semble those  just  described.  Two  distinct  types  of  these  have 
b^en  observed  and  they  differ  from  each  other  so  completely  that 
they  are  described  separately. 

a.    ^girite  Tinguaite. 

Dike  No.  ^62.  This  is  a  dark,  almost  black  rock  showing 
white,  thick  prismatic^  porphyritic  feldspars  which  often  reach  a 
diameter  of  4  or  5mm.  This  rock  grades  imperceptibly  into  a 
dense,  grayish  rock  in  which  the  feldspars  are  gray  and  less  con* 
spicuous  but  still  give  a  perfectly  porphyritic  structure  to  the 
dike.  This  dike  is  about  1.5  meters  (5  feet)  wide  and  has  been 
traced  for  a  distance  of  about  6  meters  (20  feet). 

Under  the  microscope  the  porphyritic  character  of  the  rock 
is  very  evident.  The  large  phenocrysts  of  orthoclase  show  a 
thick  prismatic  form  and  are  usually  much  rounded,  although 
they  occasionally  show  a  very  sharp  contour.  The  sections  are 
usually  in  the  form  of  rhombs  or  wide  rectangles  which  give  a 
peculiar,  spotted  appearance  to  the  rock.  They  seldom  show  any 
indications  of  an  admixture  of  other  tieldspars  but  are  com- 
piratively  homogeneous  in  their  composition  in  so  far  as  other 
ieldspathic  substance  is  concerned.  They  contain  numerous 
minute  gas-pores  which  are  all  elongate  1  parallel  to  the  vertical 
axis  of  the  crystals  and  give  a  dusty  appearance  to  the  sections 
when  seen  with  low  powers  under  the  microscope.  Basic 
silicates  of  the  first  generation  do  not  now  exist  but  skeletons 
remain  to  show  that  they  were  at  onetime  present.     ThaSi  there 
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are  black  masses  of  magnetite  (?)  and  secondary  biotite  so  ar- 
ranged as  to  show  that  a  long  prism  of  some  basic  silicate  was 
once  present  but  was  destroyed  by  some  subsequent  action 
•so  that  nothing  but  the  skeleton  remains. 

Eleoliteand  sodalite  have  not  been  observed. 

The  groundmass  is  holocrystalline  and  consists  of  a  mass 
K>f  allotriomorphic  orthoclase  crystals  often  arranged  more 
or  less  radially.  These  crystals  vary  greatly  in  size,  the 
largest  being  about  0.2mm  in  length  while  the  smallest 
are  almost  below  microscopic  dimensions.  The  larger  of 
these  small  individuals  are  generally  twinned  according  to  the 
Carlsbad  law.  They,  like  the  phenocrysts  seldom  contain 
other  than  orthoclastic  material.  Among  the  orthoclase  crystals 
there  are  scattered  innumerable,  minute  flakes  of  biotite  which 
•are  evidentlyof  a  very  late  formation  since  they  never  show 
idiomorphic  forms. 

Magnetite  and  titanite  occur  both  among  the  phenocrysts 
and  in  the  base  and  present  no  peculiarities  worthy  of  mention. 

This  segirite  tinguaite  resembles  in  many  respects  the 
rhoii}benrporphyr  of  Norway  ( Syenitpegmatitgaoge,  p.  36), 
which  has  been  described  by  many  writers,  but  is  not  identical 
with  it. 

b.     Eleolite  Porphyry.  * 

This  constitutes  a  dike  (No.  267),  which  occurs  in  '^  Lett's 
'mine,"t  an  old  shaft  which  was  sunk  in  a  search  for  precious 
metals  some  years  ago.  The  dike  runs  approximately  north  and 
south  and  is  about  30cm  (I  foot)  wide.  It  dips  50°  8.  W.,  and  is 
cut  at  an  angle  of  60°  by  a  dike  of  monchiquite.  (See  this 
chapter,  iv.  B.,  Dike  266.).  The  porphyritic  dike  is  of  a  greenish 
color  and  shows  lighter  spots  which  are  easily  recognized  as 
eleolite. 

Under  the  microscope  it  is  seen  to  consist  of  perfectly  trans- 
parent, colorless  eleolite    or   nepheline  crystals  5  ot*  6mm    in 
-diameter,  which  are  so  rounded  on  the  outside  that  no  crystal 
form  appears.      They  are  imbedded  in  a  fluidal  mass  of  yellowish 

^  For  a  fuller  description  of  ttiit  lj\>e  uf  rock  8*e  ehapier  Vll.  ii.  B.  3. 
t  S  S,  U  W.,  section  21,  near  center  of  nortli  line  of  northeast  quarter. 
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green  segirite  needles  whioh  give  a  porphyritie  appearanoe  to 
the  rock. 

The  eUolite  is  generally  perfectly  fresh,  but  it  is  some^ 
times  surrounded  by  a  narrow  rim  of  calcite  and  in  rare- 
cases  has  been  completely  altered  to  other  minerals.  It  contains, 
needles  of  segirite  as  inclusions  and  occasionally  calcite  and  other 
decomposition  products  in  very  small  quantities.  Sections. 
.  which  remain  dark  in  parallel  polarized  light  give,  when  ex- 
amined in  convergent  polarized  light,  a  black  cross  which,  when* 
tested  with  a  mica  plate,  shows  the  negative  character  of  the* 
double  refraction  of  the  mineral. 

Orthoclase  occurs  sparingly  in  idiomorphic  crystals,  making 
up  about  10  per  cent  of  the  rock  while  the  eleolite  constitutes, 
at  lea&t  50  per  cent  of  the  whole. 

The  orthoclase  is  tabular  parallel  to  the  clinopinacbid  (OlOy 
and  is  somewhat  kaolinized. 

Plagiodaae  appears  usually  in  small,  stout  prisms  but  has 
been  observed  in  larger  ones  which  sometimes  reach  0.5mm  in 
diameter.  The  twinning  lamellae  are  very  distinct  and  the  ex- 
tinction measured  on  a  few  sections  indicates  that  the  plagioclase- 
belongs  to  the  labradorite  group. 

Basic  silicates, — The  only  basic  silicate  which  has  been 
observed  in  any  quantity  is  segirite.  It  appears  in  large  pheno- 
crysts  of  a  yellowish  green  color.  These  are,  however,  un- 
common and  it  usually  occurs  in  small  needle-like  prisms  which 
are  often  very  long  and  extremely  slender.  These  needles  have 
been  observed  in  some  specimens  to  be  at  least  one  hundred 
times  as  long  as  they  are  broad.  They  are  perfectly  straight  but 
are  occasionally  cut  transversely  by  irregular  cleavage-planes.^ 
The  other  properties  of  this  mineral  are  precisely  those  of  the 
segirite  needles  described  elsewhere.  These  crystals  are,  how- 
ever, primary  and  not  secondary  in  their  formation.  In  most  of 
the  thin  sections  o^  this  rock  which  have  been  examined  these 
'  small  segirite  crystals  are  seen  to  form  a  perfect  ''flow  stracture''' 
about  the  eleolite  and  large  phenocrystic  sogirite  crystalR  and 
alone  to  constitute  the  greater  part  of  the  groaBdmaas  of  thh^ 
rock. 
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Apatite  and  magnetite' htive  been  observed  in  small  quan- 
tities. 

DeoompoMUm  products. — Where  the  eleolite  is  decomposed 
it  forms  needles  of  highly  double  refracting  material  whose  com- 
position have  not  been  definitely  determined  but  which  evidently 
belong  among  the  zeolites.     Cancrinite  also  occurs  in  this  rock. 

It  is  probable  that  this  rock  is  closely  connected  in  its  origin 
with  the  eleolite  syenite  in  which  it  is  found.  Its  occurrence  as 
a  dike,  however,  which  is  easily  distinguishable  and  its  very 
dissimilar  macroscopic  and  microscopic  appearance  make  its 
'Separation  and  special  description  a  matter  of  necessity. 

A  very  similar  rock  from  the  eleolite  syenite  region  near 
Seemerville,  N.  J,  has  lately  been  sent  to  the  writer  by  Prof.  J. 
F.  Kemp,  who  has  in  preparation  a  paper  in  which  he  will 
describe  the  various  porphyritic  forms  of  eleolite  syenite  near  the 
"^'great  foyaite  dike*'  of  Emerson.* 

The  resemblance  between  these  two  rocks  is  very  striking 
and  shows  that  eleolite  porphyry  dikes,  like  the  one  just  described, 
are  not  confiaed  to  Arkansas  but  occur  in  other  eleolite  syenite 
^regions. 

D.    Porphyritic  Border  Rock  (Mgirite  Tingu&ite.) 

The  most  important  point  at  which  this  rock  has  been  found 
in  the  Saline  County  region  is  on  the  west  side  of  the  mass  of 
•eleolite  syenite  in  which  Lett's  mine  is  located  and  lies  due  west 
of  the  latter.  This  rock  is  of  a  dark  bluish  gray  color  and 
shows  sharply  defined  orthoclase  crystals  scattered  through  it. 
It  covers  an  area  of  not  more  than  an  are  {^  acre)  and  occurs 
only  in  loose  blocks. 

Under  the  microscopic  it  shows  a  completely  porphyritic 
structure,  with  large  ortboclase  crystals  often  8  to  10mm  in 
aise,  lying  in  a  fine-graiaed,  holocrystalline,  feldspathic  grouod- 
mass.  The  large  ortlioclase  crystals  are  usually  somewhat 
kaolinized  about  the  outside  and  in  the  interior  they  contain 

*  On  the  great  dike  of  Fuyalteor  Elejlite  Syenite  catting  the  Hadson  Rirer  ahalee  in 
vorthvetttrn  New  Jersey,  by  Ben.  K.  Emertin,  Am.  Jour.  Sci.,  Series  8,  Vol,  XXIII.,  1882, 
».808. 
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quantities  of  the  groundmass  wbioh  has  here,  as  well  as  on  the 
outside,  taken  the  form  of  small  crystals  of  both  orthoclase  and 
plagioclase.  Large  biotites  also  occur  sparingly  in  this  rock  and 
sometimes  reach  a  diameter  of  5mm. 

The  groundmass  consists  of  a  confused,  but  holocrystalline,. 
mass  of  orthoclase,  plagioclase  and  biotite  with  magnetite  and 
titanite  or  leucoxene.  The  groundmass  is  stained  in  places  by 
the  decomposition  of  some  of  the  iron  ores  and  presents  a. 
yellowish  appearance. 

No  eleolite  or  nepheline  has  been  observed  but  a  portion  oF 
the  powdered  rock,  when  treated  with  hydrochloric  acid  and 
evaporated  to  dryness,  gave  evidence  by  the  formation  of  numer- 
ons  small  cubes  of  salt  that  sodium  was  present  in  some  solnble- 
form.  It  is,  therefore,  possible  that  the  sodium  is  contained  ia 
the  groundmass  which  is  made  up  of  such  fine  individuals  that  a 
nepheline  crystal  might  easily  be  mistaken  for  orthoclase.  Aa. 
attempt  at  etching  and  coloring  with  fuchsine  was  not  very  satis- 
factory for,  although  it  was  evident  that  a  little  gelatinous  silica, 
was  formed,  it  was  very  difficult  to  decide  to  which  one  of  the 
very  minute  crystals  it  belonged.  Reasoning  from  analogy  it  i& 
fair  to  assume  that  this  rock  is  probably  one  of  the  »girite 
tingu^ites  which  in  some  cases  approach  quite  closely  to  the- 
eleolite  tinguaites  in  their  appearance  and  characteristics.  The- 
rock  is  unimportant  and  as  it  cannot  be  found  in  place  aids  little^ 
in  explaining  the  genetic  relation  of  this  type  of  rock  to  the 
eleolite  syenite.  Its  principal  interest  lies  in  the  fact  that  it  ia 
very  similar  in  many  respects  to  the  tinguaites  described  fron^ 
the  Fourche  Mountain  region  (p.  99). 

IV.    PETROGRAPHIC  DESCRIPTION  OF  THE  AUGITIC  ROCKS. 

Monchiquite  dikes  are  found  in  all  parts  of  this  region 
cutting  the  syenite  in  all  directions,  as  may  be  seen  by  a  refer- 
ence to  the  map  and  general  table  of  igneous  dikes  (chap.  XIII)« 
They  are  usually  comparatively  narrow  and  appear  as  dense^ 
black  bands  lying  in  the  light  colored  eleolite  syenites.  Maoro- 
scopically  most  of  them  present  the  same  general  appearance  but 
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differ  to  some  extent  ia  the  size  of  the  crystals  of  which  they  are 
composed.  lo  many  cases  the  large  aiigite  crystals  are  macro- 
scopically  easily  detected,  while  in  others  the  rock  appears  like  a 
dense,  black,  ponderous  mass,  showing  no  phenocrysts  which  are 
visible  to  the  naked  eye.  Under  the  microscope  two  types  of 
this  rock  are  distinguishable;  they  will  be  described  separately 
and  in  the  order  of  their  importance. 

A.    Ampbibole  Moncbiquite. 

Under  this  bead  are  deacribed  the  large  dikes,  numbered 
276  and  268  and  the  less  important  one  numbered  272.  These 
rocks  consist  of  comparatively  small  phenocrysts  of  basic  silicates 
imbedded  in  a  feldspathic  or  glassy  ground  mass.  The  larger 
dikes  have  a  general  southwesterly  direction  and  are  from  5  to 
10m  (16  to  32  feet)  wide.  They  consist  of  idiomorphio 
basic  silicates  lying  in  a  partially  amorphous  groundmass. 
Macrosoopically  the  rock  appears  almost  black,  but 
shows  light  colored  globules,  sometimes  as  much  as  2mm  in 
diameter,  which  give  to  it  a  spotted  appearance.  On  pelished 
surfaces  these  appear  as  small,  white,  nearly  circular  dots.  When 
examined  under  the  microscope  the  rock  loses  its  dark,  compact 
appearance  and  shows  very  distinctly  its  hypocrystalline  structure. 
The  most  important  crystals  are  the  basic  silicates  which  make 
up  about  three-quarters  of  the  whole  mass  of  the  rock. 

A^Agiie  is  the  most  important  mineral  among  the  pheno- 
crysts. It  forms  idiomorphic,  thick  prismatic  crystals  which  are 
often  a  millimeter  in  length  and  of  half  that  thickness.  Under 
the  microscope  these  appear  a  light  brown,  but  show  a  slight 
tinge  of  violet  which  indicates  the  presence  of  titanium  in  their 
composition.  They  are  bounded  by  the  prisms  (110),  both  pin- 
acoids  (100,  010),  the  negative  pyramids  (111)  and  the  base 
(001),  and  show  an  inclination  to  form  intergrowths  which  may 
be  penetration  twins.  The  usually  common  twins  parallel  to  the 
orthopinacoid  (100)  are,  however,  in  this  case  extremely  rare. 
Cleavage  parallel  to  the  prism  faces  (110)  is  not  as  marked  as  in 
other  varieties  of  pyroxene,  but  irregular  cracks  parallel  to  the 
clinopinaooid  (010)  and  the  base  (001)  are  more  frequently  ob- 
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nerved  than  in  the  latter.  The  orystals  show  but  little  pleo- 
chroism  and  the  relative  intensities  of  the  tbsorptioa  of  light 
appear  to  be  as  follows : — 

c>b>a.' 

When  polarized  parallel  to  a  a  yellowish  tinfj^  is  observedi 
while  for  b  and  c  slightly  violet  tints  prevail. 

In  polarized  light,  sections  at  right  angles  to  the  vertical 
axis  are  dark  when  the  cross-hairs  bisect  the  angles  made  by  the 
"cleavage-planes  parallel  to  the  prism  faces.  In  sections  parallel 
to  the  symmetry  plane  (010)  (or  nearly  so)  c  lies  in  the  obtnae 
angle  ^i  and  makes  with  the  vertical  axis  an  angle  of  about  60^. 
Almost  all  the  crystals  show  a  beautiful  hour-glass  structure  while 
the  usually  common  zonal  structure  appears  to  be  entirely  want- 
ing. The  V-shaped,  disconnected  parts  of  the  hour-glass  whose 
bases  lie  in  the  basal  planes  of  the  crystal  have  a  slightly  smaller 
extinction  angle  than  the  outside  portions.  The  large  angle  of 
extinction  of  the  whole,  when  taken  in  connection  with  the  light 
«olor  and  almost  total  lack  of  pleochroismi  indicates  that  the 
augite  contains  more  alamina  than  iron. 

The  augite  contains  but  few  inclusions.  Apatite,  magnetite 
«nd  pyrite  have  been  frequently  noted,  and  in  some  oases  biotite, 
which  has  been  partly  surrounded  by  the  augite,  appears.  Oc- 
canionally  the  augite  is  found  to  be  older  than  the  olivine 
while  in  other  cases  the  converse  is  true. 

Amphibole  in  point  of  quantity  ranks  next  to  the  augite  and 
before  the  olivine  and  biotite.  It  forms  reddish  or  yellowish 
brown,  prismatic  crystals  which  are  sometimes  double  the  length 
of  the  pyroxene  prisms  and  are  usually  somewhat  more  slender. 

The  faces  which  have  been  observed  are  the  prisms  (110), 
the  clinopinacoid  (010),  less  commonly  the  orthopinacoid  (100) 
and  the  base  (001).  In  some  cases  faces  were  observed  which 
were  supposed  to  be  some  of  the  clinodomes  (0ml).  The  cleav- 
age cracks  parallel  to  the  prism  (110)  faces  are  very  distinct  and 
close  together. 

The  pleochroism  and  absorption  are  very  strong.  The  fol- 
lowing relations  exist  between  the  axes  of  elasticity  and  the 
colors : — 
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pol&rized  parallel  a  light  yellowish  browo. 
polarized  parallel  b  and  c  dark  reddish  browo. 

The  absorption  is  c=b>a. 

The  extinction  angle  between  o  and  c  is  in  general  very 
«mall,  bat  it  has  been  observed  as  high  as  6°;  c  lies  in  the 
«cute  angle  ^.  The  color,  pleochroism  and  small  angle  of  ex- 
tinction all  indicate  that  the  amphibole  belongs  to  that  variety 
known  as  basaJtio  hornblende. 

The  amphibole  contains  but  few  inclusions  of  microscopic 
-dimensions  althougli  apatite,  magnetite  and  pyrite  are  not  un- 
•oommon.  Amphibole  crystals  frequently  occur  surrounding 
augite  and  are  often,  though  not  necessarily,  found  in  parallel 
intergrowth  with  it.  Olivine  also  occurs  surrounded  by  this 
mineral. 

Olivine  appears  in  the  available  specimens  of  this  rock  only 
as  serpentine.  This  decomposition  product  has,  in  almost 
mil  cases,  retained  the  crystal  form  of  the  olivine  so  that  there  is 
no  difficulty  in  determining  the  mineral  from  which  it  was 
formed.  In  some  cases  even  the  cleavage-cracks  retain  the 
positions  that  they  had  in  the  undecomposed  mineral.  These 
pseudomorphs  after  olivine  are  often  0.2  or  0.3mm  in  length. 

Biotite  occurs  less  frequently  than  the  other  basic  silicates 
•and,  when  it  is  present,  it  forms  small,  thin  plates  which  are 
seldom  more  than  two-tenths  of  a  millimeter  in  diameter, 
•although  a  few  flakes  have  been  observed  which  are  as  much 
as  two  millimeters  in  size.  The  biotite  is  normal  in  all 
respects  and  needs  no  particular  description.  The  absorp- 
tion of  light  is  very  great  parallel  to  the  plane  of  a  and  6. 
Inclusions  are  few  in  number  and  only  those  that  usually 
occur  have  been  observed  in  this  mineral. 

The  order  in  which  the  basic  silicates  were  formed,  as 
indicated  by  their  idiomorpbic  or  allotriomorphic  forms,  is  as 
follows :  Apatite  and  iron  ores,  olivine,  biotite,  pyroxene, 
•amphibole. 

The  ffroundmaas  consists  of  a  transparent,  colorless  mass, 
>eome  of  which  appears  perfectly  isotropic  while  the  rest  is 
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double  refracting.  It  is  probable  that  the  doable  refracting- 
minerals  are  plagioclase  and  orthoclase,  for  in  all  casea 
which  have  been  tested  they  have  been  found  to  be  biaxial. 
That  this  is  the  case  has  been  shown  by  the  extinction^ 
which  is  usually  inclined  to  what  appears  to  be  the  vertical 
axis,  and  by  the  crystal's  behavior  in  convergent  polarized 
light.  Under  the  latter  conditions  it  is  found  that,  where 
the  section  remains  dark  or  nearly  so,  one  optic  axis  show- 
ing a  wide  black  band  remains  in  the  field  and  swings  about 
some  point  as  a  center  when  the  stage  is  revolved. 

The  orthoclase  is  tabular  in  form  and  shows  a  cleavage 
parallel  to  the  clinopinacoid  (010)  which  is  fully  as  perfect  aa 
that  parallel  to  the  base  (001).  The  character  of  the  dooble^ 
refraction  is  negative  as  determined  by  means  of  a  selenite^ 
plate  in  several  sections  elongated  parallel  to  o.  These 
crystals  are  naturally  younger  than  any  of  the  basic  silieateB^ 
but  where  they  come  in  contact  with  the  uncrystallized 
glass  they  show  idiomorphic  forms.  They  include  innumer- 
able needles  of  apatite  and  also  small  cubes  of  pyrite.  The- 
plagioclase  shows  no  very  sharp  twin  lamellae,  but  is  char-^ 
acterized  by  its  lath-like  form  and  its  wavy  extinction. 

The  glass  occurs  only  in  spots  and  consists  of  a  perfectly 
isotropic,  amorphous  substance  about  which  are  arranged  the- 
crystals  of  orthoclase,  plagioclase  and  the  basic  silicates.  It 
shows  no  optic  anomalies  and  appears  perfectly  isotropic 
when  it  has  not  been  altered  by  secondary  action.  A  thick 
section  of  a  small  splinter  of  this  glass  was  examined  and  it 
showed  no  optic  activity  whatever.  Irregular  cracks  occur 
which  in  some  cases  form  angles  approaching  60°  and  90^^ 
but  these  values  are  probably  only  accidental.  A  small 
quantity  of  glass  obtained  from  this  rock  when  heated  with 
hydrochloric  acid  on  an  object-glass  dissolved  in  part  and 
showed  in  the  dried  residue  gelatinous  silica  and  small 
cubes  of  salt.  In  another  portion,  which  was  dissolved  ia 
nitric  acid,  silver  nitrate  produced  no  cloudiness  thus  proving 
that  chlorine  is  not  present.  A  similar  test,  made  in  a 
hydrochloric    acid    solution    with    barium   chloride,    likewise* 
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gave  negative  resalts  thus  proving  the  absence  of  sulphuric  acid» 
It  is,  therefore,  probable  that  the  magma  ^hich   was  left  after 
the  formation  of  the  basic  silicates  was  a  strongly  alkaline  sub- 
stance and  that;  in  most  cases,  it  crystallized  finally  in  the  form 
of  orthoclase  or  plagioclase.     These  substances  occupied  most  of 
the  small  spaces  between  the  crystals,  but  when  larger  masses  of  ^ 
base  were   formed  it  only  crystallized  about  the  edges  and  left  a. 
glass  in  the  center.      The  minerals   which   formed  during  this 
partial  crystallization  probably  include  nepheline  among  them*. 

From  the  foregoing  it  is  evident  that  the  rock  belongs  to 
the  group  of  augitio  Paleozoic  dike  rooks  associated  with  eleolite< 
syenite  and  should  be  called,  according  to  Rosenbusch's  paper  oa 
monchiquite  (1.  c),  an  amphibole  monchiquite.  (See  page  109)». 
In  some  respects  it  bears  a  very  strong  resemblance  to  th& 
camptonites  as,  indeed,  do  all  the  monchiquites. 

Before  leaving  the  description  of  this  type  something  must, 
be  said  in  regard  to  dike  272.      It   is   not  completely   uniform., 
throughout  in  texture  and  while   part  of  it  is  like   that  just 
described  the   rest  differs  from  it  generally  in  being  somewhat, 
finer  grained  and  especially  in  showing  inclusions  of  eleolite 
syenite.     These  appear  usually  in  the  form  of  pieces  of  eleolite 
or  nepheline  6  to  10mm  in  diameter,  but  in  other  cases  masses  or* 
orthoclase,  including  biotite   and  sometimes  segirite,  have  been- 
found  which   are   several  centimeters   in   diameter.      In  thin 
sections  these  fragments  of  eleolite  syenite  are  seen  to  contaii^ 
cracks  into  which  the  augitic  rock  has  forced  itself,  as  is  proved 
by  the  fluidal  structure  which  appears  in  the  latter.      In  many^ 
specimens  the  dike  rock  presents  a  spongy,  lava-like  appearance.. 
The  included  fragments  show  little  or  no  evidence  of  having 
been  altered  by  contact  with  the  molten    monchiquite   and,  od 
the  other  hand,  the  dike  rock  itself  shows  only  a  slight  change... 
It  peems  to  have  become  a  little  denser  and  finer  grained  near 
the  edge ;  with    the  exception  of  olivine,  none  of  the  pheno- 
crysts  approach  to  within  half  a  millimeter  of  the  contact  line 

B.    Monchiquite. 

This  type  includes  rocks   which  are  similar  to  (hose  last:, 
mentioned^  except  that  in  this  case  the  amphibole  is  almost  com-^ 
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pletely  wanting.  The  light  colored  silicates  and  light  glassy 
base  are  either  entirely  absent  or  are  present  only  in  very  small 
x^uantities.  They  are  replaced  in  this  rock  by  a  dark,  glassy 
base  which  fills  the  spaces  between  the  bisilicates  and  forms  an 
isotropic  groundmass.  It  is  unlike  the  light  colored  feldspathio 
groundmass  decribed  under  the  amphibole  monchiquite  type. 

Augite  and  olivine  appear  in  two  generation  and  the  pheno- 
<3rysts  often  reach  a  diameter  of  several  millimeters  while  the 
crystals  of  the  younger  generation  are  always  very  small. 
Amphibole  never  occurs  among  the  phenocrysts  and  occasionally 
sinks  into  insignificance  in  the  groundmass. 

In  order  to  discuss  the  characteristics  and  peculiarities  of 
these  dikes  they  are  treated  separately  as  was  done  in  the  case 
of  the  amphibole  monchiquites. 

Dike  No.  SSS  is  about  20m  (66  feet)  long  and  45  cm  (18 
inches)  wide.  It  lies  in  a  southwesterly  direction  and  is  im- 
bedded in  the  syenite  to  which  it  does  not  appear  to  adhere  in 
the  least.  The  augite  is  in  this  case  more  prominent  than  the 
olivine  which  is  usually  much  altered  to  serpentine.  The  small, 
>?irhite,  isotropic  spots  already  mentioned  are  found  scattered 
sparingly  through  this  rock.  The  groundmass  consists  of  augite 
^nd  elivine,  without  amphibole,  closely  packed  in  the  dark,  glassy 
base. 

Dike  S54  is  one  meter  (39  inches)  wide  and  lies  nearly  north 
•and  south.  It  contains  large  phenocrysts  of  augite  and  olivine, 
often  4  or  5mm  in  diameter  lying  in  a  very  dark,  fine-grained 
groundmass.  The  olivine  is  colorless  and  shows  decomposition 
only  along  its  lines  of  cleavage  which  are  then  beautifully 
bordered  by  bands  of  a  green  material  which  is  probably  serpen- 
tine. 

The  grouudmass  contains  small  round  spots  which  are 
usually  about  0.5mm  in  diameter  and  which  are  filled  with  a 
perfectly  isotropic  substance,  presumably  similar  to  that  described 
xioder  amphibole  monchiquite  (p.  154.)  These  spots  are  much 
smaller  and  much  more  sharply  defined  than  in  the  preceding 
^ase,  and  when  tested  with  hydrochloric  acid  in  the  section  they 
gelatinize   readily   with   formation  of  numerous  cubes  of  salt. 
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The  presence  of  sniphario  acid  cannot  be  detected  microchem- 
ically.  This  light  colored  glass  is  frequently  foand  included 
in  the  phenocrysis  of  angite. 

Minute  angite  and  hornblende  needles  with  grains  of  mag- 
netite constitute  the  crystals  which  lie  imbedded  in  the  dark, 
amorphous,  glassy  base  and  form  the  groundmass  in  which  the 
phenocrysts  occur. 

Dike  266  forms  a  mass  of  rock  about  20m  (66  feet)  ia 
diameter  and  shows  itself  to  be  an  extremely  coarse-grained 
mixture  of  oliTine  and  angite  in  which  the  former  is  somewhat 
more  important  than  the  latter.  The  olivine  has  changed  en-> 
tirely  to  calcite  and  other  light  colored  decomposition  products 
but  is  easily  determined  by  its  form.  The  groundmass  is  so  fine 
and  so  completely  decomposed  that  nothing  can  be  determined 
in  regard  to  its  properties. 

Dike  £66  is  1.2m  (4  feet)  wide  and  runs  in  a  northwest 
direction.  It  cuts  the  other  dike  (p.  147)  which  is  fouud  in  Lett's 
mine  at  an  angle  of  about  60^.  It  difiers  from  the  preceding 
dikes  in  showing  some  of  the  white,  glassy  base,  numeroua 
amphiboles  in  the  groundmass  and  large  crystals  of  apatite.  The 
large  crystals  of  pyroxene  often  include  small  olivine  crystals 
and  some  of  the  glassy  base  which  is  occasionally  altered  to 
radially  arranged  zeolites.  This  dike  forms  an  intermediate 
stage  between  the  two  types  of  monchiquite  under  consideration. 

The  rocks  of  this  second  type  evidently  belong  to  the  true 
monchiquUe8  which  contain  neither  amphibole  nor  biotite  in 
large  quantities.  They  approach  in  some  respects  the  pikrite^ 
in  the  same  sense  that  the  rocks  of  the  first  type  resembled  the 
camptonites. 

V.      CONTACT  ROCKS. 

A.    Ced&r  Park. 

Ocourrenoe^ — In  the  Saline  County  region  the  contact  rocks 
play  but  a  small  part  in  the  petrography  of  the  igneous  area. 
As  has  already  been  explained,  the  contact  of  the  syenite  witl^ 
the  surrounding  Paleozoic  rocks  is  everywhere  covered  up  by 
sand  and  only  in  a  few  places^  where  the  sedimentary  rocks  are 
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-included  in  the  igneous  rocks,  can  such  contacts  be  observed.  Id 
*the  case  of  the  largest  of  these  included  areas,  known  as  Cedar 
Park,  the  sandstone  is  for  the  most  part  entirely  unaltered,  bat 
at  one  point  on  the  northeast  side  there  are  a  number  of  rocks 
which  are  either  the  result  of  a  very  complete  metamorphism  of 
'the  sedimentary  rocks  or  else  they  constitute  a  very  peculiar 
form  of  dike  rock,  which  has  been  fully  as  much  altered  by  the 
-Ksontact  with  the  sedimentary  rocks  as  the  latter  must  be  con- 
sidered to  have  been  if  the  dike  is  correctly  associated  with  them. 

This  rock  forms  a  band  lying  between  an  igneous  dike  and 
the  sedimentary  rock  and  on  both  sides  the  transition  from  it  to 
the  adjacent  rock  is  very  gradual.  Two  of  the  minerals  which 
it  contains  would  suggest  an  igneous  origin  for  it,  but  the  mode 
^f  occurrence  of  the  rock  appears  to  indicate  a  sedimentary  origin 
^«nd  complete  metamorphism. 

AatrophyllUe. — The  first  and  more  interesting  of  the  crystals 
'mentioned  above  consists  of  an  orange-  or  bronze-colored  mineral 
seldom  exceeding  a  millimeter  in  its  greatest  dimension  and 
especially  characterized  by  its  perfect  mica-like  cleavage.  It 
was  the  good  fortune  of  the  writer  to  show  a  slide  and  a  small 
'hand  specimen  of  the  rock  containing  crystals  of  this  mineral  to 
Dr.  George  H.  Williams  of  Johns  Hopkins  University,  and  to 
receive  from  him  the  suggestion  that  it  was  astrophyttUe  and  re- 
sembled very  closely  the  specimens  from  Norway  described  by 
Brogger. 

In  order  to  make  sure  that  the*  resemblance  to  astrophyllite 
"was  not  merely  apparent  the  writer  made  the  following  tests 
which  proved  conclusively  the  identity  of  the  mineral.  A  small 
flake  of  it  was  dissolved  on  a  platinum  wire  in  microcosmic  salt 
and  the  resulting  bead  was  heated  in  a  reducing  flame  with  a 
scrap  of  metallic  tin.  The  bead  assumed,  after  a  few  moments, 
a  beautiful  violet  color.  In  order  to  confirm  this  test  a  little 
ferrous  sulphate  was  added  to  the  bead  and  it  was  again  heated 
until  it  was  transparent.  While  hot  it  appeared  yellow,  but  on 
<)ooling   it  suddenly  assumed  a  most  brilliant  blood-red  color. 
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^hese  two  reactions  proved  beyond  a  doubt  that  titanium  was 
present  in  relatively  large  quantities*. 

Another  fragment  was  examined  spectroscopically  without 
first  dissolving  it  and  it  showed  both  the  potassium  and  sodium 
lines  distinctly.  The  presence  of  manganese  was  easily  detected 
4>y  the  bluish  green  color  obtained  by  smelting  a  small  quantity 
-of  the  mineral  with  sodic  carbonate  upon  platinum  foil. 

A  crystal  of  this  mineral  when  examined  under  the  weaker 
powers  of  the  microscope  showed  the  following  faces:  ooPdb 
<100),  the  perfect  cleavage-plane;  P(lll);  P2  (122);  and 
^Pdb  (203)  (?).  The  angles  between  the  macropinacoid  (100) 
and  the  two  sets  of  pyramids  were  roughly  measured  upon  the 
fnicroscope  stage  and  gave  the  following  values : — 

Measured.      Calculated  (Brogger) 

(100)  :  (111) 45°  45°  54' 

(100)  :  (122) 65°  .  64°  9 

The  existence  of  the  face  fPob  (203)  could  not  be 
-satisfactorily  determined,  although  in  one  case  a  decided  trunca- 
tion of  the  angle  where  this  face  should  appear  was  observed. 

In  thin  sections  the  mineral  appears  in  the  form  of  idiomor- 
fibic  crystals  of  an  orange  color  which  show  a  strong  pleochroism. 
When  the  cleavage-planes  stand  at  right  angles  to  the  polariza- 
tion plane  of  the  lower  nicol  the  color  is  a  deep  orange,  and 
when  they  are  situated  parallel  to  it  the  mineral  assumes  a 
lemon-yellow  color. 

The  pleochroism  may  be  expressed  as  follows  : — 
Polarized  parallel  a  orange-red. 
Polarized  parallel  b  orange-red  (or  orange-yellow)  f 
Polarized  parallel  c  lemon-yellow. 
The  absorption  is  as  follows  : — 

a=or>b>c 
In  convergent  polarized  light  a  single   axis  is  occasionally 
t>bserved  in  thin  sections  of  this  mineral.     In  cleavage- plates  the 

^  Aitroph jllits  oontaini  theoreticallj,  according  to  a  formula  based  upon  Konig's  anal- 
yala  of  ib«  mineral  from  El  Paso  Co.,  Colorado  (Zelt.  fQr  Mln.  und  Krjst,,  Vol.  I.,  p.  4JS)  84.91 
|»r  etnt  of  tlUnlc  oxide  (Brdgger,  Syenitpegmatitgfinge,  p.  212). 

t  BriSgger,  loo.  cit.  makes  this  distinction  between  a  and  h,  which,  howerer,  hardlf 

in  the  ^aline  countj  speciment. 


160  ANNUAL  REPORT  8TATB  GBOLOOI8T. 

optic  axes  are  found  to  be  too  wide  apart  to  appear  in  the 
field  but  it  is  evident  that  the  bisectrix  stands  at  right  angles 
to  the  plane  of  cleavage.  The  extinction  in  parallel  polarized 
light  is  parallel  and  perpendicular  to  the  cleavage-planes  and  is 
sharp.  The  mineral  is  entirely  free  from  inclusions  of  all  kinda^ 
It  is  easily  distinguished  from  the  mica  group  by  the  fact  that 
the  greatest  absorption  takes  place  when  the  cleavage-planes  are 
at  right  angles  to  the  plane  of  the  nicol  while  in  ordinary  miois 
the  reverse  is  the  case. 

JSgirite. — The  other  mineral  of  special  interest  in  this  rook 
occurs  in  long,  extremely  slender  prisms — often  5mm  in  length^^ 
which  seldom  if  ever  exceed  0.08mm  in  diameter.  Under  the 
microscope  they  are  seen  to  have  perfectly  sharp  idiomorphia 
forms  and  seldom  show  any  cleavage-cracks.  They  have  a 
comparatively  high  index  of  refraction  and  show  black  borders 
along  both  sides,  which  are  evidently  due  to  a  total  refraction  of 
light.  From  these  considerations  and  the  fact  that  the  minute 
prisms  seemed  to  have  an  orientated  extinction  it  seemed  possible 
that  the  mineral  in  question  was  epidote,  and  consequently  a 
small  crystal  was  detached  from  the  rock  and  measured  on  a 
reflection  goniometer.  It  gave  very  exactly  the  angles  between 
the  prism  (110)  and  clinopinacoid  (010)  faces  of  the  pyroxene 
group,  and  this  in  connection  with  the  small,  almost  impercepti* 
ble  angle  of  extinction  shows  the  mineral  to  be  cegirUe* 

The  character  of  the  almost  white,  semi-transparent  ground* 
mass  in  which  these  minerals  are  imbedded  has  not  as  yet  been 
determined  with  any  certainty,  but  as  soon  as  this  is  done  some 
light  may  be  thrown  upon  the  origin  of  the  rock. 

B.    Inclusion  in  Section  21. 

Petrographic  description, — The  rock  which  forms  the  small 
mass  of  included  material  described  and  pictured  on  page  128^ 
although  it  appears  macroscopically  to  be  an  almost  unaltered 
shale,  when  examined  under  the  microscope  is  seen  to  have  onder^ 
gone  a  very  complete  metamorphism.  A  thin  section  out  from  a 
piece  of  rock  10cm  from  the  direct  contact  with  the  igneone  rook 
when  examined  in  non-polarized  light  shows  that  it  oonsists  of  a 
colorless,  transparent  base,  in  which  are  scattered  smally  roonded 
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plates  of  biotite  which  show  extremely  marked  pleochroism  and 
very  strong  absorption  of  light.  Irregularly  bounded  amphibole 
crystals  appear  which  present  the  appearance  of  having  been 
very  strongly  resorbed,  but  whose  irregular  outline  is  due  to  ai> 
impeded  crystallization  and  not  to  a  secondary  corrosive  action.. 

Irregular  grains  and  cellular  masses  of  a  light  colored^ 
highly  refracting,  yellowish  mineral,  which  resembles  leucoxene 
has  been  observed  in  many  places.  Its  index  of  refraction  is 
high,  but  its  double  refraction  in  low.  Pyrite  is  also  very 
common. 

In  parallel  polarized  light  the  base  is  seen  to  be  made  up  of 
a  complete  mosaic  of  irregularly  bounded  feldspar  crystals. 
These  are  fitted  in  together  in  such  a  way  that  no  interstitial 
spaces  whatever  are  left.  The  crystals  are  usually  thick 
prismatic  in  form  and  show  an  undulatory  extinction.  The 
polarization  colors  are  somewhat  higher  than  those  usually 
observed  for  feldspar.  The  character  of  the  double  refraction  is 
negative. 

If  examined  without  a  knowledge  of  its  origin  this  rock- 
would  certainly  be  placed  with  the  igneous  and  not  with  the 
metamorphic  rocks. 

VI.      RELATIONS  OP  THE  IGNEOUS  BOCKS  TO   EACH   OTHER  ANI> 
TO  THE   ADJACENT  SEDIMENTARY   ROCKS. 

In  the  Saline  County  region  the  relations  of  the  igneous, 
rocks  to  each  other  and  to  the  sedimentary  rocks  are  much  more 
simple  than  those  of  the  Fourche  Mountain  region. 

The  large  masses  of  eleolite  syenite  were  formed 
below  a  covering  which,  like  that  in  the  Fourche  Moun- 
tain region,  was  suflSciently  thick  to  allow  the  underlying^ 
masses  to  crystallize  as  true  abyssal  rocks.  In  a  few  places  thi» 
overlying  rock  was  cracked  and  the  syenitic  magma  entered  the 
break  and  cooled  as  a  rock  similar  in  structure  to  the  blue 
granite  (pulaskite)  of  Fourche  Mountain. 

Shortly  after  this  the  pegmatitic  dikes  were  formed  and 
then,  after  the  region  had  cooled  considerably,  the  porphyritio 

11  Gtologlea);  Vol.  11.,  MM. 


182  ANNUAL  BBPOBT  8TATB  OBOIiOQIBT. 

• 

•dikes  of  syenitic   rook  were  intruded  into  oraoks  in    the  main 
syenite  masses. 

The  munchiquite  dikes  were  probably  intraded  later  than 
"the  syentitic  dikes  for  at  Lett's  mine  (the  only  place  where  the 
two  varieties  of  rock  are  found  in  contact),  the  monchiquite 
•dike  cuts  through  the  greenish  syenitic  dike. 

In  some  cases  coarse-grained  veins  have  been  observed  in 
'the  syenite  which  have  been  considered  as  due  to  a  segregation 
-of  the  syenitic  material  from  the  wall  rock  and  to  a  deposition 
of  this  in  the  crack  in  which  it  i«  found.  In  these  cases  the 
vein  16  often  not  completely  fillea  to  the  center  and  the  crystals 
of  which  it  is  composed  bhow  free  ends  extending  into  the 
central,  open  space.  Small  deposits  of  metallic  ores  are  quite 
•€*>mmon  in  these  veins  and  have  led  many  people  to  spend  much 
time  and  mouey  in  searching  for  paying  ^'mineral"  in  them. 

It  may  be  stated  that  these  segregation  veins  although  they 
contain  small  quantities  of  metallic  sulphides,  etc.,  need  not  be 
looked  to  as  sources  of  mineral  wealth  for  they  do  not  contain 
-ore  in  paying  quantities.  This  statement  may  also  be  made  in 
regard  to  the  monchiquite  dikes  which  have  likewise  been 
prospected  in  many  places.  The  largest  of  these  openings  and 
that  where  the  most  money  was  spent  is  the  Lett's  mine,  already 
mentioned    (pp.  147  and   157). 

The  syenitic  rocks  are  older  than  the  Tertiary  deposits 
with  which  they  come  in  contact,  but  in  this  area  as  in  the 
Fourche  Mountain  region  it  is  evident  that  a  close  connection 
exists  between  the  igneous  rocks  and  the  deposits  of  bauxite  in 
the  neighborhood.  In  the  Saline  county  region  the  bauxite  is 
overlaid  by  a  yellow  compact  sandstone  of  Tertiary  age. 


-   i 
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CHAPTER  VI. 

Oeogbaphic  Description  of  Magnet  Cove  and  General 

Distribution  of  the  Igneous  Rocks. 


I.  Gtoneral  Geographic  and  Topographic  Features. 

II.  Distribution  of  Timber  and  its  Relation  to  the  Underlying  Rooks. 

III.  Declination  of  the  Magnetic  Needle  in  and  about  Magnet  Cove. 
-IV.    Distribution  of  the  Igneous  Rocks. 


I.   GENERAL  GEOGRAPUIC  AND  TOPOGRAPHIC  FEATURES. 

Magnet  Cove  i:*,  without  doubt,  the  most  interesting  of  all 
of  the  regions  in  which  igneous  rocks  occur  in  Arkansas.  It 
lias  long  been  known  to  mineralogists  as  a  locality  for  many 
rare  and  beautiful  as  well  as  useful  minerals  and  there  is  hardly 
a  cabinet  of  minerals  in  the  world  that  does  not  contain  numerous 
specimens  from  this  renowned  district.  It  is  hoped  that  it  will 
be  possible  to  show  in  this  report  that  that  small  area  is  of  great 
interest  not  only  to  the  mineralogist,  but  to  the  petrographer 
bi'th  OD  account  of  the  number  of  varieties  of  rock  found  there 
and  of  the  many  instances  in  which  the  association  of  the  rocks 
18  such  that  au  insight  into  their  genetic  relations  may  be 
obtained. 

The  name  "  Magnet  Cove''  of  itself  attracts  attention  to  the 
locality  and  indicates  that  something  out  of  the  common  order 
is  lo  be  expected.  In  the  earliest  records  the  locality  was 
designated   simply    as   "Cove"*  or  as  "Cove  of  Wachitta.^f 

*  Henry  B.  Sojoolermft,  "  View  of  the  Lead  Minw  of  MImouH,  etc,"  p.  192.    (For  full 
title  Mt  p.  6). 

t  U  Brloffier  (E.  CorncllUB),  In  Am.  Jour.  Scl.,  Series  1,  Vol.  III.,  1821,  p.  26. 
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Featherstonhaaghy  *  however,  makes  meDtioD  of  it  in  1835  in 
the  following  words  :  "  But  what  will  always  give  celebrity  to 
this  remarkable  locality,  now  called  Magnet  Oove^  is  the  magoetio- 
iron  which  abounds  there.''  It  is  evident,  therefore,  that  th& 
name  was  given  between  1819  and  1835. 

The  Cove  proper  is  two  miles  north  of  the  Ouachita  River 
and  twelve  miles  east  of  the  city  of  Hot  Springs.  It  is  about  a 
mile  and  a  half  north  of  the  wood  station,  Cove  Crdek,t  on  the 
Hot  Springs  Railroad. 

It  is  evident  that  the  name  '^Cove''  was  suggested  by  the 
almost  perfectly  elliptic  shape  of  the  basin,  formed  by  the  sur- 
rounding hills.  It  has  long  been  popularly  supposed  that  this 
basin  represents  the  crater  of  an  extinct  volcano  and  indeed  thia 
is  the  first  suggestion  which  presents  itself  when  the  Cove  is 
seen  from  the  top  of  one  of  the  adjacent  ridges.  The  hilk 
themselves  form  an  almost  continuous  ridge  about  the  Cove  and 
include  within  their  boundaries  about  a  thousand  acres  of  exceed- 
ingly fertile  land.  The  exact  limits  of  the  Cove  are  somewhat 
differently  defined  by  different  people,  but  the  most  natural 
boundaries  appear  to  be  the  following:  (See  Map  IV.)  On  the 
north,  the  main  sandstone  ridge  on  whose  southern  slope  the 
eleolite  syenite  is  developed;  on  the  east  "Cove  Mountain,''' 
which  consists  of  a  metamorphosed  sandstone  ridge  flanked  on. 
both  sides  by  igneous  rocks  ;  on  the  south,  a  continnation  of  the 
same  elevation  which  is  there  known  as  "  The  Ridge,'*  but 
which  has  the  same  characteristics  as  in  the  preceding  case. 
This  ridge  extends  west  as  far  as  Cove  Creek  at  which  point  the 
stream  has  cut  a  deep  gorge  through  it.  On  the  west  side  of 
the  creek  the  boundary  of  the  Cove  is  formed  by  a  ridge,  cor- 
responding to  the  one  on  the  south  in  general  form,  bnt  not  in 
geologic  character,  for  while  the  southern  boundary  consists  of  a 
metamorphosed  sedimentary  rock  included  between  two  masses 
of  igneous  rock,  the  western  one  is  itself  igneous  and  is  bounded 
on  both  sides  by  the  Paleozoic  shales  and  sandstones.      As  this 

*  G.  W.  Feathentonbamgb,  Oeolog.  B«pt.  of  Exam,  of  Eleyat«d  Ooantrj  betwMs 
MiMoari  tnd  Bed  RiverB,  p.  68.    (For  full  tide  see  p.  10). 

t  This  has  recentl  j  been  made  a  post-office  under  the  name  of  Lecroj,  but  the  statiMi. 
retains  its  original  name. 
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ridge  extends  farther  to  the  north  it  beads  arouad  toward  the 
^ast  and  finally  becomes  the  ridge  already  mentioned  as  forming  the 
northern  boundary  of  the  Cove. 

This  northern  boundary  is  out  off  by  a  narrow  valley  from 
a  sandstone  ridge  lying  north  of  and  parallel  to  it ;  this  in  tarn 
is  separated  by  a  second  parallel  valley  from  the  high  novacalitd 
ridges  which  approach  it  from  the  north. 

At  the  northeastern  corner  of  the  Cove,  Cove  Creek  cats 
through  the  ridge  and  forms  the  separating  line  between  the 
northern  mountain  and  Cove  Mountain.  The  latter  rises  quite 
-abruptly  two  hundred  feet  (62  meters)  above  the  bed  of  the 
stream  (549  feet  or  166  meters  above  sea  level),  but  the  former 
-slopes  up  very  gradually  and  the  continuation  of  the  high  ridge 
is  indicated  by  a  small  sandstone  hill  70  feet  (21  meters)  above  the 
•oreek — described  later.  It  is  at  this  point  that  opinions  differ 
regarding  what  should  be  considered  as  constituting  the  Cor«, 
for  many  consider  that  it  continues  up  Cove  Creek  a  mile  or 
tnore  and  forms  a  long,  narrow  prolongation  to  the  northeast. 
Some  even  include  Cove  Mountain  within  the  Cove  and  bound  it 
on  the  east  by  the  sandstone  and  novaculite  ridge  which  lies  east 
-of  Cbamberlain  Creek.  In  this  case  the  connection  between  the 
eastern  and  southern  boundaries  would  be  made  at  a  point  where 
the  Hot  Springs  and  Malvern  highway  crosses  '^  The  Ridge. " 

The  interior  of  the  Cove  is  drained  by  Cove  Creek  and  a 
small  feeder  which  comes  in  from  the  east  and  is  known  as  the 
'*'  The  Branch. ''  Several  small  streams  flow  into  Cove  Creek  from 
the  north  but  they  are  unimportant  and  have  no  names.  After 
heavy  rains  the  streams  of  this  region  become  very  high  and  are 
<in\te  impassable  since  there  are  no  bridges  whatever  in  the  neigh- 
"borhood.* 

The  level  bottom  of  the  Cove  is  broken  only  by  one  eleva- 
tion^ a  tufa  hill  about  60  feet  (15  meters)  in  height.  It  is  situated 
almoht  in  the  center  of  tne  Cove  and  was  probably  at  one  time 
oonui'cted  with  a  deposit  of  similar  material  which  lies  west  of  it 

*  lliii  ir  crMwt  the  diAcu  1 1  y  of  studj  iDg  the  rocks  of  this  region  at  certain  seasons  of 
tlie  year,  for  the  foot-logs  which  are  usually  placed  near  the  fords  are  not  sufficiently  eloTated 
<o  he  above  high  water  mark  and  are  often  carried  away. 
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and  on  the  opposite  side  of  Cove  Creek.     The^e  two  tufa  masses 
are  the  result  of  hot  spring  action. 

Outside  of  the  Cove  there  are  several  streams  which  deserve- 
special  mention  as  they  have  played  an  important  part  in  the 
sculpture  of  the  country.  About  two  miles  west  of  Magoet 
Cove  lies  Teager  Creek.*  This  forms  the  extreme  western 
boundary  of  the  map  and  follows  a  nearly  due  south  coarse.  1% 
has  cut  its  way  through  the  sandstone  hills  and  ridges  and 
forms  the  drainage  outlet  for  the  western  slope  of  the  western, 
boundary  of  the  Cove. 

Stone  Quarry  Creek,  or  Stony  Creek  as  it  is  also  called,  lies, 
southeast  of  Magnet  Cove  and  flows  in  general  in  a  southwesterly 
direction.     It  follows,  however,  a  very  serpentine  course,  due  in 
great  measure  to  the  different  degrees  of  hardness  of  the  rocka 
through  which  it  has  cut  its  way.     The  gorge  which  this  stream 
has  cut  out  is  in  many  places  very  steep  aud  the  banks  are  very 
prdcipitous ;  at  one  point  the  bank  is  over  150  feet  (46  meters) 
high  and  stands  nearly  vertical.     The  creek  receives  its  name- 
from  the  fact  that  years  ago  a  number  of  millstones  were  quarried 
from  the  eleolite  syenite  which  occurs  near  the  base  of  the  above 
mentioned  cliff.     At  its  headwaters  this  stream  forms  a  wide,  flat 
valley  which  is  so  filled  with  loose  material  that  no  rock  can  b^ 
found  in  place.     Rowan's  Branch,  a  small' stream,  enters  thia 
creek  from  the  east  and  forms  the  dividing  line  between  the 
syenite  and  a  novaculite  area  on  the  southeast. 

Flowing  in  the  opposite  directioD,  but  at  one  point  ap«^ 
preaching  quite  cloee  to  Stone  Quarry  Creek,  is  Chamberlain 
Creek.  This  forms  almost  a  letter  V  and  flows  first  southwest^ 
then  west  for  a  short  distance  and  finally  north  and  empties  inta 
Cove  Creek  just  east  of  Cove  Mountain,  kt  the  point  where  the^ 
creek  changes  its  direction  from  southwest  to  north  it  has  out  for 
itself  a  deep  gorge  and  flows  around  a  point  of  igneous  rock 
which  stands  140  feet  (43  meters)  nearly  vertically  above  the 
stream.  To  the  east  of  this  point  it  flows  between  two  sandstone 
ridges  which  are  capped  with  novaculite.f 

*  This  is  spelled  alio  Tiger,  Tiga,  Tvaga  and  Panther.  It  is  pronmmoed  TMsar  and  !» 
properly  spelled  as  in  the  text. 

t  The  novaculite  ridges  which  appear  upon  the  Magnet  Cove  map  were  locatod  bj  Mr^ 
L.  S.  Griswold  of  the  Snrrej. 
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lo  considering  the  distribution  of  the  igneons  rock  of  the 
Cove  in  detail  many  minor  points  in  regard  to  the  topography 
and  drainage  will  be  brought  out  which  have  not  seemed  worthy 
of  mention  in  this  general  description. 

II.      DISTBIBUTION   OF  TIMBER  AND   ITS   RELATION  TO  THS 
UNDERLYING   ROCK   FORMATIONS. 

The  sudden  change  of  character  in  the  arboration  of  the 
hills  about  Magnet  Cove  observed  in  passing  from  the  sedi* 
mentary  to  the  igneous  rocks  was  first  commented  upon  by 
Featherstonhaugh  (loc.  cit.,  p.  62)  in  the  following  words :  ^' At 
thiity-five  miles  from  Little  Rock  the  country  is  covered  with 
ferruginous  conglomerate  of  the  old  red  sandstooe.  Wherever 
this  latter  rock  is  found,  the  pine  (Pinus  Australis,  Mich.)  pre- 
vails, as  is  usually  the  case  in  siliceous  countries;  but,  about 
forty-eight  miles  from  Little  Bock  I  observed  an  approaching; 
change  in  the  timber,  the  pine  having  entirely  disappeared,  and 
being  replaced  by  deciduous  trees." 

Le^quereuz   in  the  botauic   and   paleontologic   portion   of 
Owen's  report  on  the  geology  of  Arkansas*  does  not  agree  with 
Featherstonhaugh  and  the  writer,  for  on  page  842  he  remarks : 
*'  From  the  Hot  Springs  to  the  southwest  of  the  county  toward 
Magnet  Cove,  the  nature  of  the  rocks  is  changed  to  a  granitic- 
formation*  but  the  vegetation  preserves  the  same  character  as  it. 
had  on  the    quaitz,  or  on   the   metamorphic  sandstone.     The- 
banks   of  the  creek  which  traverses  Magnet  Cove,    have    the 
Hornbeam  and  the  Ironwood  with  a  few  Oaks  and  trees  of  the- 
Buttonwood ;  where  they  become  flat  and  marshy  they  are  over-- 
grown  by  the  Water  and  Willow  Oaks. " 

A  change  similar  to  that  which  occurs  in  Magnet  Cove  may* 
also  be  observed  in  the  other  syenite  areas,  but  it  is  not  quite  so 
evident  in  them  because  the  igneous  rocks  are  for  the  most  part 
surrounded  by  low-lying  Tertiary  or  Pleistocene  deposits  while^ 
in  the  case  of  Magnet  Cove,  the  high  sandstone  hills  surround 
and  overtop  the  igneous  ridges.     The  diflerence  in  the  arboration 

^  Second  Brport  of  a  Geolngieal  Reconnoinance,  etc.,  by  D.  D.  Owen.    Botany  andi 
Phlsontology  bj  Leo  Leaquereuz. 
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can  be  most  plainly  seen  in  winter  after  the  deoidaoos  trees  have 
lost  their  leaves  and  when  the  pines  form  a  dark  green  back- 
ground to  the  masses  of  gray,  leafless  trees  in  the  foreground. 

The  writer  is  much  indebted  to  Mr.  John  F.  Moore  of 
Magnet  Cove  for  the  information  embodied  in  the  following 
table.  Mr.  Moore,  having  lived  all  his  life  in  Magnet  Cove  and 
liaving  had  such  matters  brought  constantly  to  his  attention, 
was  able  to  give  a  list  not  only  of  those  trees  which  are  now  to 
be  found  in  and  about  the  Cove,  but  also  to  state  the  original 
•distribution  of  some  varieties  which  have  now  nearly  or  entirely 
■disappeared. 

It  is  evident  from  the  table  that  the  Cbve  boUonij  which  was 
once  flat  and  marshy  although  it  is  now  much  better  drained, 
contains  such  trees  as  are  common  along  the  river  bottoms  in 
many  parts  bf  the  state. 

The  Igneous  Border  of  the  Cove^  by  which  is  meant  the 
interior  slopes  which  are  covered  with  syenitic  rock,  supports 
mobtly  hard-wood  growths,  while  the  surrounding  sandstone 
hills  produce  pine  and  some  forms  of  oak  which  do  not  thrive 
on  the  syenite. 

A  list  has  been  prepared  which  shows  at  a  glance  in  which 
of  the  three  divisions,  mentioned  above,  every  tree  occurs.  An 
attempt  has  also  been  made  to  indicate  whether  or  not  a  tree  is 
abundant  in  the  region  where  it  is  noted  by  making  use  of  two 
symbols  to  denote  its  presence,  thus  : — 
C  denotes  Common. 
8  denotes  Scarce. 

The  trees  have  been  grouped  according  to  their  family 
names,  and  these  have  been  arranged  principally  according  to 
Ora^'^s  Manual.*  The  botanic  names  correspond  with  those  used 
in  the  plant  list  published  in  Vol.  IV.  of  the  Report  of  the 
Geological  Survey  of  Arkansas  for  1888. 

*  Manual  of  the  B  lUny  of  the  Northern  Uuited  States,  hj  Asa  Gray;  BcTisod  ediUoii 
for  1890,  New  York  (American  Book  Company),  1890. 
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Trees  oeetarring  in  and  abovt  Magnet  Cove. 
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Trees  occurring  in  and.(U>otU  Magnd  Cove. — CbfUtttneJ. 


III.      DECLINATION  OF  THE   MAGNETIC   NEEDLE  IN   AKD   ABODT- 
HAOSET  COVE. 

The  first  liDes  sarveyed  by  compass  ia  that  portiOD  of 
the  state  about  Magnet  Cove  were  run  by  Joseph  McGuire  in 
1819*.  He  surveyed  the  east  line  of  township  3  8.,  17  W., 
but  made  uo  meutioD  of  magnetic  variation  and  it  is  probable- 
that  at  that  distance  (about  3  miles)  from  Magnet  Cove  the 
attraction  of  the  lodestone  bed  was  not  perceptible. 

In  1822  R,  Richardson  surveyed  the  south  line  of  tha 
same  township  for  state  surveyor  Oonwayt.  In  order  to  run 
the  line  Richardson  started  at  its  western  eztremtty  aad  ran 
a  random  line  to  the  east.  On  arriving  at  the  eaetera  ead  of' 
the  line  he  fouud  that  he  was  10  chains  (201m}  north  of  tha 
southeast  corner  of  the  township.    Concerning  this  diacrep- 
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ancy  he  makes  the  following  note :  ^'  1  find  by  this  close  a. 
considerable  convergency  in  the  range  line  between  Ranges* 

17  and  18,  T.  4  S.^  to  the  adjacent  meridian^  caused  by  the 
attraction  of  a  large  body  of  loadston  lying  near  the  Ouachita, 
river  (N.  E.  of  the  corner  last  established  on  the  rang  line 
above  mentioned),  which  i  find  I  have  f  lien  within  the  sphere 
of  its  attraction. " 

In  regard  to  the  east  line  of  the  next  township  west  (^ 
S.^  18  W.)  Richardson  writes  (I.  c,  p.  81) :  ''  The  range  line  be- 
tween Ranges  17  and  18  W.^  T.  3  8.,  cannot  be  run  with  any^ 
degree  of  accuracy  in  consequence  of  the  attraction  of  the 
loadston^  as  it  passes  very  near  the  body  and  consequently  I. 
find  the  attraction  much  greater. " 

The  east  line  of  township  8  8.,  18  W.  was  not  surveyed 
until  1837  when  it  was  run  by  John  C.  Hale  (see  below). 

In  running  the  line  along  the  east  side  of  sec.  1,  4  8.^  18^ 
W.,  Richardson  writes  (1.  c,  p.  18) :     ''I find  an  attraction  or 
the  neadle  by  a  body  of  loadstone  near  the  Ouachita  river 
N.  E.  of  this  place,  which' has  caused  the  north  part  of  thia 
line  to  be  incorrect.  '^ 

In  the  year  1835  Featherstonhaugh  wrote  the  following 
sentence*  regarding  the  magnetic  iron  ore  of  Magnet  Cove: 
*^  Some  of  the  specimens  I  obtained,  possess  a  surprising 
magnetic  power ;  and  such  is  the  influence  of  the  mass  in. 
place,  that  Colonel  Conway,  the  surveyor  general,  informed 
me  he  had  been  unable  to  survey  the  country,  as  the  needle^ 
will  not  traverse  on  approaching  this  locality. '' 

On  July  30,  1837,  John  C.  Hale  surveyed  and  sectionized 
township  3  8.,  17  W.,  and  ran  the  east  line  of  township  3  8.^ 

18  W.f  Hale  states  that  the  township  line  runs  through  a. 
very  strongly  aitected  region  and  that  like  many  of  the  sec- 
tion lines  it  could  only  be  run  by  back-  and  fore-sights. 

From  the  personal  observations  of  the  writer  and  from 
readings  taken  by  Mr.  W.  J.  Hutcherson,  the  topographer 

*  Geological  Report  of  %ht  Elevated  Coantry  between  the  Missouri  and  Bed  rivers  (loo 
«lt.,  p.  6S). 

t  See  field  notes  in  the  SUte  Land  Oflice,  Little  Bock  (buodH  128 ;  books  884,  888,  891. 
and  892). 
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who  made  the  contoar  map  of  MagQet  Cove  iDclnded  in  this 
volume  (see  below),  it  has  beeQ  foand  that  on  the  bed  of 
magnetic  iron  ore  the  compass  is  of  no  ase  whatever.  An 
engineer's  transit,  with  a  short  needle,  was  set  up  on  the  top 
of  the  hill  (N.  E.  corner  of  N.  W.  i  of  S.  W.  J  of  section  20, 
3  S.,  17  W.),  and  a  stake  about  two  hundred  yards  (183m) 
west  was  taken  as  a  point  at  which  to  sight.  The  bearing 
was  taken  and  the  transit  was  moved  ten  feet  (3m)  further 
east  and  the  bearing  taken  again.  A  difierence  of  13^  30'  in 
the  bearing  of  the  stake  was  observed.  The  transit  was  then 
placed  15  feet  (4.5m)  south  of  the  original  point  and  a  differ- 
ence of  15^  was  found  to  exist  between  the  bearings  of  the 
stake  taken  from  that  point  and  the  original  station.  This 
-shows  conclusively  that  no  reliance  can  be  placed  upon 
compass  readings  on  or  near  the  lodestone  region. 

The  normal  amount  of  the  magnetic  declination  as  de- 
termined by  the  position  of  Magnet  Cove  with  reference  to 
the  general  isogonic  lines  of  the  state  would  be  about  8^"*^ 
eastf  in  1890.  It  will  be  seen,  however,  by  an  inspection  of 
the  isogonic  chart  (Plate  13)  that,  about  half  a  mile  east  of 
the  magnet  ore  bed  the  declination  becomes  zero  and  the 
needle  points  due  north,  while  at  a  somewhat  greater 
distance  west  of  the  same  point  the  normal  declination  is 
nearly  doubled.  It  is  evident,  therefore,  that  the  efiect  of 
the  magnetic  force  centered  in  this  ore  bed  amounts  to  about 
8^  and  that  this  extends  to  a  distance  of  about  a  mile  west 
and  half  a  mile  east  of  the  disturbing  area. 

On  the  western  side  of  Magnet  Cove  an  area  of  still 
greater  magnetic  declination  occurs.  Here  the  variation  is 
due  to  quantities  of  fine  magnetite  sand  which,  although 
apparently  entirely  superficial,  exerts  a  great  influence  upon 
the  needle.     Its  maximum  effect  is  at  a  point  about  half  a 

o  See  Report  of  the  Sapt.  of  the  D.  S.  CoMt  and  Geodetic  trurr^j  for  1889.    Wuhing- 

lon,  1890,  Appendix  No.  11, 1889.    "The  diatribotion  of  the  magoetio  deolinaiion  in  the  United 

Sta'es  for  the  epoch  1890."   Bj  Charles  A.  Schott,  p.  246.  See  alto  the  obaarrattons  on  magnetic 

'declioa  ion  made  by  the  Geological  Snrrej  of  Arkansas  and  recorded  In  the  annual  report  for 

1891. 

t  Westerly  declination  is  considered  positire  and  is  marked  (  +),  while  easterly  decli* 
•■nation  is  coi.sidered  ne^atlfe  and  is  marked  (— ). 


STuntrroF  aukmhsas 
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mile  west  of  the  school- house  on  the  hill  (center  of  section. 
24,  3  S.,  18  W.^  near  the  north  line)  and  amoants  to  about 
44^.  The  isogonic  lines  here  come  so  near  together  and  are^ 
so  uncertain  in  their  positions  that  but  little  reliance  can  be^ 
placed  upon  them. 

There  is  another  strongly  disturbed  region  at  the  north- 
east corner  of  the  area  included  in  the  chart.  In  this  case 
the  cause  of  the  disturbance  is  a  mass  of  lodestone  quite< 
similar  in  character  to  that  in  the  center  of  the  Cove.  This 
deposit  is  much  smaller  than  the  ''  lodestone  bed  "  and  les», 
of  the  ore  appears  on  the  surface.  It  is  evident,  however, 
that  it  is  present  in  sufficient  quantities  to  have  a  strongs 
influence  upon  the  bearing  of  the  magnetic  needle. 

Oa  the  isogonic  chart  each  green  line  passes  through  all  the 
points,  so  far  as  it  is  possible  to  determine  them  from  the  data, 
at  hand,  at  which  the  needle  is  deflected  a  given  number  of  de- 
grees east  or  west  of  the  meridian.  These  lines  are  so  drawnx 
that  each  degree  from  plus  four  to  minus  forty-four  is  represented* 
by  a  line.  In  compiling  this  map  ninety-three  determinations, 
of  the  magnetic  declination  were  made.  * 

IV.       DISTRIBUTION   OP  IGNEOUS   ROCKS. 

The  description  of  the  distribution  of  the  rocks  of  the  Cove 
begins  with  the  rocks  found  at  the  point  where  Cove  Creek  cuts. 

*0f  thcM  16  were  determioed  hj  W.  J.  Hutcherson,  who  made  the  Magnet  CoTe  map 
(map  IV.).  He  ealabliabed  a  meridian  near  the  center  of  the  Cove  and  located  the  principal 
points  on  the  map  by  meant  of  trayerse  lines,  and  occasionally  determined  the  magnetic  de- 
clination by  taking  the  be.irings  of  some  of  the  trignometrically  located  lines.  This  system  of 
■unreying  was  unfortunately  only  carried  as  far  west  as  the  school-house  o;i  the  hill,  and  hence 
it  is  pfobable  thai  the  accuracy  of  that  porti)n  of  the  map  west  of  the  school-house,  embracing 
the  most  disturbed  area  about  the  Cove,  suffered  from  the  error  made  in  considering  the 
greatest  rariation  to  be  centered  at  the  "ore  bed"  in  the  Cove.  The  numerous  other  lines  used 
in  locating  the  hills,  streams  and  other  such  K^ographic  features  were  run  by  compass,  and  the 
lines  were  carefully  "tied  up"  to  those  alreaiy  trigone  metrically  established.  Even  the  llnea 
west  of  the  school-h  iu:*e  were  tied  up  in  thin  way  so  that  the  error  cannot  be  rery  great  and 
must  have  c<>mpensate>i  iiself.  Ii  is  probable  that  the  broken  line  between  8ecti:>ns  13  and  24 
whii'h  a'e  In  reality  separated  by  a  s  raight  line  is  due  to  the  fact  that  the  line  was  run  solely 
with  the  compass. 

The  77  other  determinations  were  made  by  the  writer  from  obser rations  taken  on 
Polaris.  These  were  made  with  a  short-needle  transit  and  were  extended  over  a  space  of- 
■everai  hours  each  night  until  they  were  completed.  The  time  of  each  observation  was  care- 
fully noted  and  the  approximate  elongation  of  Polaris  for  that  time  was  calculated  and  the 
ooriection  applied.  The  error  from  these  oslculations  falls  inside  of  that  arising  from  the  short-, 
of  the  needle  mod  the  difficulty  of  reading  it  at  night. 
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through  the  ridge  at  its  southwestern  corner  and,  following  the 

*<)reek  to  the  north,  mentions  the  ooourrenoe  of  the  various  rocks 

•in  their  order.      No  attempt  can  here  be  made  to  describe  the 

rocks  themselves  but  such  a  description  will  follow  in  the  next 

^chapter. 

Oq  going  up  Cove  Creek  from  the  railway  bridge  the  stream 

'is  seen  to  flow  over  a  dark  shale.     A  short  distance  above  the 

•mill-pond  a  small  gully  comes  down  the  hill  on  the  east,  and  ia 

it  occurs  the  first  outcrop  of  syenite.  (Chapter  XIII.,  dike  133). 

TThis    is   an   eleolite'  syenite  dike  and  forms  a  comparatively 

narrow  band  which  extends  east  and  west  and  can  be  traced  by 

tneans  of  scattered  boulders  as  far  as  the  road  which  crosses  the 

hill  to  the  east.     On  the  top  of  the  small  hill  which  lies  between 

this  gully  and  the  next  a  good  many  boulders  of  leucite  syenite 

dike  rock  (Chapter  VII.  ii.  C.  1)  appear.     This  leucite  material 

is  bordered  on  its  western  side  by   the  shales,  which,  on  the 

bank   of  Cove  Creek,  form  an  almost  vertical  bluff  about  two 

hundred  feet  in  height.     In  the  face  of  this  bluffs  several  dikes 

-of  monchiquite  and  allied  rocks  appear.    (Chapter  XIII.|  dikes 

127  to  132).     These  run  in  various  directions,  some  vertical  and 

others  nearly  horizontal.     The  fourchite  and  ouachitite,  both  of 

which  occur  in  the  cliff,  are  probably  of  approximately  the  same 

age,  but  the  syenite  which  forms  a  dike  cutting  the  fourchite  ia 

evidently  the  youngest  of  the  three. 

In  the  gully  north  of  this  bluff  about  400  feet  (125m)  from 
its  mouth  the  igneous  rock  appears  in  the  form  of  a  green  and 
black  porphyry  which  varies  somewhat  in  density  and  structure. 
On  going  up  this  ravine  toward  the  east  these  black  and  green 
rocks  follow  each  other  in  quick  succession.  In  some  cases  they 
may  be  traced  up  the  sides  of  the  gulch  for  some  distance,  while 
in  others  they  are  covered  by  a  talus  of  the  rock  which  forms 
the  ridge  above  them. 

The  green  rocks  are  the  most  typical  examples  of  leucite 
tinguaites  (Chapter  YII.  ii.  C.  2)  to  be  found  about  the  Cove; 
there  is  no  one  place  where  so  many  varieties  of  rock  can  be 
found  as   in  this  gully    (See  plate  14).  *      One  of  the   most 

^The  plate  repre-tents  this  gaWy  on  a  to  ile  larger  than  th-it  of  map  IV.,  asd  Uia  dia- 
tribution  of  the  rock  is  s'iowd  by  the  Tarious  signs  des  ribed  in  the  legend.  .  In  tlils  waj  the 
inteiniiatures  of  the  yarious  rocks  can  be  more  saiisfactorilf  repreaentad  than  bj  thm  oaaaC 
^^fbrent  colors. 
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remarkable  facts  that  has  been  observed  Id  the  region  is  the 
iDtimate  connection  shown  between  the  fourchite  and  the  tin- 
^u^it«.  At  one  point  fragments  or  nodules  of  fourchite  are 
found  imbedded  in  tingudite.  It  at  first  occurred  to  the  writer 
that  these  were  true  inclusions  brought  up  from  below  by  the 
younger  tingudite,  but  on  reading  Rosenbusch's  paper  on  mon- 
-chiquite  the  possibility  of  their  being  caused  by  diflerentiations 
in  the  crystallization  of  the  tinguaitic  magma  presented  itself. 
Bosenbusch  states  (Ueber  Monchiquite,  etc.,  p.  465)  that  if 
mixed  dikes  of  monchiquite  material  are  ever  found  tiiigu^ite  or 
«girite  granite  must  appear,  * 

It  may  be  that  such  a  case  is  found  in  the  specimen  just 
^escribed^  but  it  seems  more  likely  that  it  has  been  detached  and 
brought  up  as  an  inclusion  from  below.  In  either  case  this 
"direct  association  of  the  two  rooks  is  very  interesting. 

Besides  these  black  and  green  varieties  of  tiuguaite, 
tbere  is  also  a  pink  rock  containing  large  pyrite  crystals 
^hich  often  exceed  half  an  inch  (13mm)  in  diameter.  It  is 
probable  that  this  is  a  bed  of  sedimentary  rock  which  has 
been  very  much  metamorphosed  by  the  intrusion  of  the 
neighboring  igneous  rocks.  East  of  this  and  further  up  the 
ravine  appears  another  form  of  black  leacite  tinguaite  in 
which  the  large  pseudoleucite  crystals  are  only  indicated  by 
grayish^  octagonal  and  hexagonal  sections  and  do  not  ap- 
pear sharp  and  well  defined.  Directly  above  these  and  ex- 
tending up  the  south  bank  for  some  distance  is  a  bed  of 
^reen  leucite  tinguaite  and  above  that,  still  higher  up  the 
hillside  quantities  of  leucite  and  eleolite  syenite  dike  rock 
occur,  but  it  is  a  question  which  of  the  two  is  in  place. 
The  indications  are  that  the  crest  of  the  hill  is  occupied  by 
the  leucitic  rock^  while  further  to  the  west  the  eleolitic  rock 
is  the  main  rock  of  the  hill.  Between  these  two  there  ap- 
pears to  be  a  band  of  shale,  but  only  loose  pieces  of  it  could 
be  found.  Returning  again  to  the  bed  of  the  brook  in  the 
gully,  the  next  rock  east  of  the  black  tinguaite  is  a  green 

*  **  warden  Jemalsgemi<cbte  Gfinge  gefund«n  werden,  in  denen  Munchiquli material 
•uftriie,  to  wQrde  daaeben  Tingu&li  oder  Aeglrlngranit  (Quarutingulit)  TorkomiBea 
mOaeen." 
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tinguaite  6  feet  (15m)  wide,  containiDg  extremely  small 
pseudoleacite  crystals.  This^  like  much  of  the  rest  of  this 
rock,  shows  a  decided  bedding  like  a  sedimentary  rock.  It 
changes  to  the  black  variety  without  showing  any  distinct 
line  of  parting,  and  it  is  evident  from  both  macroscopic  and 
microscopic  examinations  of  the  two  rocks  that  they  are 
genetically  identical.  About  a  thousand  feet  (800  meters) 
from  its  mouth  the  shale  crosses  the  gully  in  a  northwest  and 
southeast  direction  at  two  points  about  100  feet  (90m)  apart. 
It  dips  to  the  southwest  at  an  angle  of  about  30^.  On 
both  sides  of  the  gulch  it  is  covered  by  loose  boulders  of 
syenite  and  tinguaite.  The  latter  appears  as  a  dike  between 
the  two  bands  of  shale  and  may  be  traced  onto  the  hills  both 
north  and  south.  Still  further  to  the  east  a  leucite  syenite 
dike  occurs  in  the  bed  of  the  stream  and  likewise  on  both 
hills.  It  is  probably  a  continuation  of  the  mass  which 
crosses  the  road  in  front  of  the  house  of  E.  F.  Orr  No.  1, 
(northeast  quarter  of  section  30.)  On  the  high  part  of  the  hill 
south  of  the  gully  beside  the  varieties  of  rock  just  described 
a  small  area  of  about  100  square  feet  (10  square  meters)^ 
covered  with  loose  boulders  of  fourchite  (monchiquite)  ap- 
pears (Chapter  XIII.,  dike  136). 

Returning  again  to  the  gully  at  the  point  where  the 
leucite  syenite  dike  rock  was  first  found  on  passing  east  from 
its  mouth  it  is  seen  that  this  rock,  instead  of  running 
directly  up  the  hill  to  the  north  bears  off  to  the  west  and 
follows  the  contours  for  about  three  hundred  feet  (91m),  and 
then  turns  to  the  north  and  passes  over  the  ridge.  At  two 
points  along  the  line  of  contact  between  the  shale  and  the 
leucite  rock  loose  specimens  of  ouachitite  occur  (Chapter 
XIII.,  dikes  138  and  139)  which  fall  nearly  in  line  with  the 
dike  in  the  face  of  the  cliff  just  south  of  the  mouth  of  the 
gully.  On  following  the  line  of  contact,  which  is  everywhere 
marked  by  the  loose  boulders  of  leucite  rock,  to  Cove  Creek, 
it  is  found  to  run  straight  down  to  the  water's  edge.  Here 
it  forms  a  dike  (Chapter  XIII.,  dike  140)  not  over  60  feet 
(15m)  wide  bounded  on  the  north  by  a  band  of  green  tin- 
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gaiate.  Jast  north  of  this  the  hank  consists  principally  of 
sandstone  which  at  one  point  lies  over  the  igneous  rock^ 
which  has  heen  forced  up  under  it  from  helow,  while  at 
another  point  the  syenitic  rock  lies  on  top  of  the  sandstone*. 
The  igneous  rock  has  here  heen  forced  up  between  the  bed- 
ding planes  of  the  sedimentary  rock  and  where  the  upper 
layer  of  the  latter  is  covered  up  or  has  been  cut  away  the* 
igneous  rock  appears  to  lie  upon  the  top  of  it  as  if  it  had 
flowed  out  over  it.  At  one  place  somewhat  further  up  the 
creek  (north)  the  leucitic  rock  presents  the  appearance  of 
having  formed  a  stream  of  molten  matter  showing  a  rapid 
cooling  along  the  sides  and  an  apparent  fluidal  structure  in 
the  centre.  1  his  is,  however,  probably  the  efiect  of  ex- 
foliation on  an  intruded  rock  and  not  due  to  a  lava-like  flow.. 

In  the  next  gully  (the  one  running  to  the  north  of  the* 
Neusch  house)  north  of  this  hill  (S.  W.  i  of  sec.  19)  a  recur- 
rence of  various  kinds  of  porphyritic  rock  similar  to  those  in* 
the   preceding  gully   appears.     In   this  case,  however,  the 
rocks  are  eleolitic  in  their  character   while  in  the  preceding 
case  they   were  leucitic.     It  appears  that  this  gully  marks- 
the  line  between  the  leucitic  and  eleolitic  rocks  at  this  point. 
On  the  north  side  of  it  all  the  rocks  are  dark  colored  and 
are  varieties  of  eleolite  syenite  and  eleolite  tinguaitc  (Chapter 
VII.  II.   B.   4.)  while  on  the  south   side  they   are    lighter 
colored  and  consist  of  leucite  syenite  and  black  and  green 
leucite  tinguaite.     Metamorphosed  shale  also  occurs  in  this  > 
gully  near  its  upper  or  eastern  end. 

The  eleolite  syenite  dike  rock  (fine-grained,  grayish  va-- 
riety),  which  occurs  on  the  hill  north  of  this  gully  extends- 
only  to  near  the  crest  of  the  hill  and  is  there  replaced  by  a 
black,  hornstone-like  rock,  whose  relations  to  the  other  rocka 
and  whose  origin  are  more  in  doubt  than  those  of  any  other 
rock  about  the  Cove.     It  is  called  hornstone  in  this  report 
because  this  is  a  name  which  is  somewhat  loose  in  its  appli> 
cation.     Whether  further  investigation  proves  this  rock  to- 
be  a  metamorphosed  shale  or  an  igneous  rock  it  is  a  simple- 

12  Gtological;  Vol.  11.,  1S90. 
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matter  to  insert  the  proper  name  wherever  the  word  horn- 
stone  occurs. 

In  a  small  depression  on  the  west  side  of  the  hill  where 
the  hornstone  appears,  a  black  porphyry  or  eleolite  tingaaite 
occurs  about  800  feet  (91m)  from  Cove  Creek,  and  covers 
several  hundred  square  feet.  This  rock  contains  compara- 
tively large,  idiomorphic,  white  feldspars  and  is  genetically 
connected  with  the  neighboring  eleolite  syenite  dike  rocks. 
A  dike  of  green  leucite  tinguaite  10  feet  (3m)  wide  extends 
along  the  northern  border  of  the  depression  or  gaily  just 
mentioned,  crosses  Cove  Creek  and  may  be  traced  in  a  some- 
what serpentine  course  for  nearly  1,800  feet  (546m)  on  the 
west  side  of  the  stream.  The  train  of  boulders  by  which  its 
position  is  marked  seldom  exceeds  fifteen  feet  (4.5m)  in 
width  and,  although  becoming  here  and  there  very  indistinct, 
it  can  generally  be  traced  with  comparative  ease. 

Before  returning  to  the  east  side  of  Cove  Creek  it  is 
more  convenient  to  mention  the  other  rocks  which  form  the 
high  bank  opposite  the  gully  and  hill  just  described.  There 
18,  perhaps,  no  part  of  the  whole  Cove  region  which  is  more 
confusing  and  uncertain  than  this  especial  hill.  On  the  top 
and  for  a  certain  distance  down  the  north  and  east  sides  the 
leucite  syenite  dike  rock  is  exposed  in  large  masses.  Below 
this  on  the  northern  slope  a  band  of  green  leucite  tinguaite 
appears  and  still  further  down  eleolite  porphyry  (Chapter 
VII.  II.  B.  3.)  containing  pink  crystals  of  eleolite  is  found; 
«till  nearer  the  bottom  of  the  hill  some  shale  occurs  which. 
although  in  loose  blocks,  is  evidently  not  far  from  in  place. 
Low  down  and  near  the  center  of  the  east  side  of  the  hill 
black  and  green  leucite  tinguaite  and  metamorphosed  shale 
are  exposed.  The  exact  relative  positions  of  these  rocks 
€annot  be  definitely  determined  but  they  are  probably  ap- 
proximately as  shown  on  the  map.  Still  further  south,  and 
situated  in  a  slight  depression  in  the  side-hill,  there  occars  a 
peculiar  variety  of  comparatively  coarse-grained  syenite 
which  is  everywhere  much  weathered  and  seems  to  have 
formed  a  miarolitic  eleolite  rock  (Chapter  VIL  ii.  A.  S).     It 
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18  80  much  weathered  that  its  microscopic  characteristics 
cannot  be  determiQed.  A  similar  rock  appears  on  the  north- 
east side  of  the  hill  jast  described  and  lies  between  it  and  a 
fimall  rise  which  extends  down  to  Cove  Creek.  This  small 
'hill  lying  north  of  the  one  last  mentioiied  consists  principally 
of  hornstone  which,  near  the  creek,  is  probably  a  syenite 
porphyry  or  tinguaite.  Ranuing  from  the  northwest  corner 
-of  this  hill  and  keeping  to  the  southwest  and  south  of  its 
crest  is  the  dike  of  green  leucite  tinguaite  which  has  already 
been  described.  (See  p.  178).  This  cuts  through  the  horn- 
Btone  and  strengthens  the  supposition  that  the  latter  is  for 
the  most  part  a  metamorphosed  shale  rather  than  an  igneous 
rock.  Opposite  this  hill  several  dikes  of  igneous  rocks  and 
also  several  beds  of  metamorphosed  shale  occur  in  the  creek. 
The  former  arc  generally  light  colored,  fine-grained  dike 
forms  of  eleolite  syenite  while  the  latter  are  dense,  compact, 
-dark  colored  rocks,  with  a  few  indistinct  crystals  dissemi- 
nated through  them. 

On  the  hill  situated  opposite  to  these  on  the  east  side  of 
Cove  Creek,  and  forming  the  point  between  "  The  Branch  " 
and  Cove  Creek,  more  hornstone  appears,  but  here  it  is  inter- 
spersed with  loose  blocks  of  fourchite.  Higher  up  the  hill 
a  light  colored,  banded  rock  occurs  which  appears  to  be  a 
metamorphosed  shale  and  is  described  later  (Chapter  VIII. 
I.).  Near  the  top  of  the  hill  a  dark  rock  again  appears  and 
in  many  places  loose  pieces  of  fourchite  are  scattered  over  it. 
The  latter  are  often  amygdaloidal  and  show  calcite  filling 
the  cavities. 

Below  the  top  of  the  hill  on  the  northeast  side  the  dark 
rock  is  soon  replaced  by  the  light  colored,  banded  rock 
mentioned  above.  Here  it  seems  to  be  more  decidedly 
stratified,  and  where  it  has  weathered  it  shows  a  distinct 
banded  structure,  but  when  broken  the  fracture  seems  to 
hnve  little  or  no  tendency  to  follow  this  banding.  Directly 
h  -low  this  appears  the  eleolite  garnet  syenite  (Chapter  VII. 
II.  A.  2),  which  is  characterized  by  its  dark  color,  granular 
appearance  and  great   weight.    Below  this  again  comes  the 
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very  coarsegrained  eleolite  mica  syenite  (Chapter  VIL  n. 
A.I),  which  is  very  rich  in  eleolite  and  generally  containa 
much  mica.  It  is  probably  in  this  latter  rock  that  the  de- 
posits of  lodestone  and  the  large  masses  of  protovermicalite 
are  found.  On  passing  around  the  inside  of  the  Cove  and 
keeping  along  the  southern  ridge  it  is  found  that  the  same 
succession  of  rocks  exists  as  was  noticed  on  the  hill  just  de- 
scribed. This  similarity  of  arrangement  continues  to  the 
northeast  side  of  the  Cove,  but  towards  the  last,  on  the^ 
southwest  side  of  the  Cove  Mountain,  the  band  of  eleolite- 
garnet  syenite  becomes  narrower  and  the  hornstone  comes 
further  down  the  hill. 

The  center  of  the  Cove  consists  in  part,  as  is  shown  on 
the  map,  of  the  very  coarse-grained  eleolite  mica  syenite 
through  which  is  disseminated  much  magnetite  and  lode- 
stone.  This  latter  mineral  becomes  especially  abundant  in 
one  portion  of  the  mass  and  the  low  hill  on  which  it  occurs 
is  known  as  the  "  lodt  stone  bed. "  From  this  hill  many  tons 
of  ore  have  been  collected  and  shipped  or  carried  away,  bat 
still  the  supply  remains  equal  to  the  demand  and  good 
specimens  are  always  to  be  obtained.  It  is  commonly  believed 
in  the  Cove  that  this  "magnet  ore,''  as  it  is  called,  exists 
only  on  the  surface  and  that  as  soon  as  one  penetrates  below 
the  top  of  the  ground  the  deposit  ceases.  This  is  in  part 
true,  for  the  "  float-ore  "  is  the  accumulation  of  centuries.  It 
has  been  separated  out  from  immense  quantities  of  syenite^ 
which  has  little  by  little  decayed  and  been  washed  away, 
leaving  only  the  exceedingly  heavy  lodestone  near  the  place 
where  it  was  originally  formed.  A  prospect  hole  was  at  one 
time  opened  in  the  lodestone  bed  and  it  was  found  that 
although  pieces  of  the  ore  were  obtained  deep  down  in  the 
decomposed  syenite  they  were  not  large  enough  nor  suffi- 
ciently abundant  to  warrant  the  opening  of  a  mine  as  has 
been  proposed.  Both  Featherstonhaugh  (loc.  cit.,  p.  63) 
and  Owen  (loc.  cit,  p.  31)  were  deceived  by  the  amount  of 
ore  found  on  the  surface  and  believed  that  it  was  merely  tha 
surface  showing  of  much  larger  quantities  below. 
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Much  of  the  ore  fouod  is  lodestone  or  natural  magnet 
t>re,  while  the  rest  of  it  is  simply  massive  magnetite  and  is 
not  polarized.  By  piling  the  latter  into  heaps  with  some  of 
the  polarized  mineral  it  has  been  found  that  the  non-mag- 
tietic  pieces  gradually  become  polarized  and  often  become 
«s  strong  magnets  as  some  of  the  originally  polarized  pieces. 
The  magnetic  iron  ore  is  usually  found  in  smooth,  round 
masses,  entirely  free  from  adhering  pieces  of  other  minerals, 
thus  showing  how  complete  the  weathering  has  been.  A  few 
small  specimens  have,  however,  been  found  in  which  both 
apatite  and  mica  (protovermiculite)  are  seen  to  be  in  direct 
•association  with  the  *'  magnet-ore.  '^ 

It  has  been  found  by  experiment  that  the  ore  does  not  form 
:a  valuable  grade  of  iron  when  reduced  in  a  blast  furnace. 

Northwest  of  this  magnetite  bed  deposits  of  limonite  and 
-other  loose  sinter-like  forms  of  hydrous  oxides  of  iron  occur. 
These  were  formed  by  the  gradual  decomposition  and  alteration 
-of  the  magnetite.  This  formation  will  be  considered  again 
when  the  tufa  hill  in  the  center  of  the  Cove  is  described. 

All  about  the  lodestone  bed  and  in  fact  filling  all  this  por- 
tion of  the  bottom  of  the  Cove  is  a  loose,  decomposed  material 
which  consists  of  impure  kaolin  and  clay  in  which  are  imbedded 
tna»-ses  of  protovermiculite  often  a  foot  (30om)  or  more  in 
diameter,  schorlomite,  melanite,  apatite,  in  large  single  prisms 
and  in  radiate  masses  of  small  needles,  eleolite  in  rounded  masses 
and  some  brookite.  Near  the  Biptist  church  along  the  bank 
and  in  the  bed  of  "  The  Branch"  there  occurs  a  bed  of  coarse- 
grained, crystalline  limestone  which  contains  green  mica  usually 
scattered  irregularly  through  it,  but  often  arranged  in  veins. 
This  coarsely  crystalline  limestone  or  calcite  was  formed  by  the 
contact  of  the  igneous  rook  with  a  bed  of  common  limestone^ 
which  may  be  part  of  the  Lower  Silurian  rocks  of  that  region. 
Since,  however,  corresponding  beds  are  not  found  outside  of  this 
region,  it  seems  more  probably  that  the  calcite  was  formed  by 
the  action  of  the  igneous  rocks  on  a  calcareous  hot  spring  deposit 
which  was  locally  devel<»})ed  at  that  point. 

The  hill  in  the  center  of  the  Cove  consists  principally  of  a 
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siliceous  and  calcareous  sinter,  which  is  evidently  of  hot  spring 
origin  *  and  is  subsequent  to  the  metamorphism  which  altered 
the  rock  just  described.  On  both  t^ides  of  this  the  eleolite 
garnet  (syenite  and  the  eleolite  mica  syenite  appear  near  its  base- 
and  are  probably  in  place,  while  the  blocks  of  sinter  which 
overlie  and  often  almost  conceal  them  from  sight  have  rolled 
down  from  above.  Above  the  zone  in  which  the  eleolite  rock 
appears  the  whole  hill  is  made  up  of  a  porous  sinter  which  ia 
many  cases  contains  large  crystals  of  quartz.  This  hill  is 
about  70  feet  (20m)  above  the  ^ur^ounding  Cove  bottom  and  is 
an  oval,  regularly  sloping  hill  of  comparatively  slight  declivity^ 
At  its  eastern  end  it  is  connected  with  the  deposit  of  hydroua 
oxide  of  iron  already  mentioned  and  it  is  probable  that  these  twa 
deposits  are  very  closely  connected  in  their  origin. 

In  many  cases  the  igneous  rocks  about  the  base  of  the  hill 
appear  to  form  dikes  but  it  is  probable  that  they  are  massive  and 
that  in  weathering  certain  harder  bands  in  them  have  resisted 
the  disintegrating  action  better  than  the  rest  of  the  mass  and 
hence  remain  as  apparent  dikes  (Chap.  XIII.,  dikes  165  to  171)^ 

Just  at  the  north  of  this  hill  is  a  spring  which  is  remarkable- 
on  account  of  the  continuous  stream  of  bubbles  of  gas  which  it 
gives  off.  It  was  supposed  that  this  was  either  carbonic  acid  gas 
or  marsh  gas,  but  on  being  tested,  it  was  found  to  be  ordinary 
atmospheric  air.  f 

The  spring  is  situated  in  a  marshy  piece  of  ground  where^ 
no  rock  in  place  can  be  found  but  on  both  sides  of  it  the  eleolite 
garnet  syenite  occurs,  and  it  is  probable  that  either  that  rock  or 
the  eleolite  mica  syenite  underlies  it. 


^Ste   Comstock's  8tat«irent   to  this  effect,  Annual  Beport  of  Gelogical  Sarvcy  of 
Arkansas  for  1888,  Vol.  I.,  p.  81. 

t  The  gas  neither  extinguishis  a  match  plurged  into  it,  nor  takes  fire  itself.  Ko  f  dor 
of  sulphur  can  be  detected,  so  that  the  name  "sulphur  spring,"  which  la  often  applied  to  t,  ia 
a  misnomer.  In  order  to  make  an  exact  determination  of  the  escaping  gas  a  quart  bottle  ira& 
filled  with  it  and  analysed.  The  bottle  which  was  to  serve  the  purpose  of  collection  ha>l  % 
funnel  fixed  in  Its  neck,  was  filled  with  water,  iuTerted  in  the  aprii  g  and  left  over  nigfat« 
The  next  morning  the  gas  was  found  to  have  expelled  all  the  water  and  lo  bare  filled  i he bottlow 
The  funnel  was  remored  and  the  cork  inserted  without  changing  the  poaition  of  the  bottle  and 
the  whole  was  made  perfectly  air  ttght  by  sealing  it  with  beeswax.  The  bottle  and  its  oon<« 
tents  were  then  taken  to  Worcester,  Mass.,  where  Prof.  Leonard  P.  Klnnicatt  of  tb«  Woranrt^ 
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A  hill  coDsisting  of  Biliceous  tufa  very  similar  to  the  one 
JQst  described  exists  on  the  west  side  of  Cove  Creek  and  is  so 
situated  as  to  appear  as  if  it  were  the  continuation  of  the  larger 
one  in  the  center  of  the  Cove.  This  smaller  one  at  the  west 
overlies  a  bank  of  the  same  sort  of  crystalline  limestone  as  that 
near  the  Baptist  choroh,  and  is  in  general  more  truly  tufaceous 
and  ]eM  filled  with  quartz  crystals  than  that  further  to  the  east. 
It  is  probable  that  these  two  deposits  were  once  connected  and 
that  Cove  Creek  has  out  them  apart.  The  limestone,  which 
underlies  this  siliceous  tufa  is  of  a  coarse  crystalline  variety  and 
forms  a  bluff  twenty  or  thirty  feet  (6  to  9m)  high  and  might 
well  be  untilized  for  the  manufacture  of  lime.     A  great  deal  of 


Pbljtechio  lotftitute  kindlf  volunteered  to  make  a  complete  gaa  analysis  of  it.    The  results  of 
this  analysis  are  as  follows  :— 

Table  nf  Gas  AnalyHt. 


TREATMENT. 


(Original  quantity)^ 

Potaasio  hydrate  (HKO). 
Bromine  (Br)...... 


Gallic   acid   (C«Ha    (OH)a 
(XX)H) - 

Cuprous  chloride  (Ona(nt)~ 


5    5 

sl-a 

Tempera- 
tare    Od- 
tigrade. 

98.0 

12.8 

••■••••••••• •••••! 

97.9 

12.6 

0.1 

97.9 

•■•••••• •••••••••• 

0.0 

78.6 

12.4 

21.8 

78.6 

0.0 

OAS  DEl'EBMINED. 


Carbonic  dioxide  (OOt). 
Hydrocarbons. 

Oxygen. 
Carbon  monoxide  (00),  etc. 


After  reducing  the  abore  to  760mm  pressure  and  O-'^C.  temperature  these  figures  become 
as  follows  :— 

Oas  analytit  reduced  to  normal  pressure  and  temperature. 


VOLUME. 

Cubic 
centimeters. 

Per  cent. 

CONSTITUENTS. 

Volume  abaorbf  d.........^ 

Volame  unacted  upon 

19.03 
78.08 

20.67 
79.38 

Oxygen. 
Nitrogen. 

Total  Tolnme  taken 

92.06 

100.00 

Air. 

The  aTCTSge  composition  of  atmospheric  air  is  :— 

Oxygen 20.96 

Nitrogen 79.04 

Itisthereforeevldentthat  the  gas  which  bubbles  up  through  the  spring  is  common 
mtmeipheric  air. 
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it  is  comparatively  pare,  while  the  rest  of  it  is  filled  with  con- 
tact mioeralR,  which  would  greatly  impair  its  usefulness.  The 
greatest  drawback  to  its  practical  application  is  its  coarsenesft, 
ior  this  might  cause  it,  when  burned^  to  form  a  crumbly  mass 
"instead  of  close,  compact  stone.  Its  proximity  to  the  city  of  Hot 
•Springs  and  the  ease  with  which  it  can  be  obtained  from  the 
bank  would  probably  make  the  burning*  of  it  on  a  small  scale  a 
profitable  uuderta&ing.  At  the  south  end  of  the  knoll  in  which 
the  limcbtone  occurs  is  located  the  pegmatitic  eleolitc  eudialjte 
syenite  dike  in  which  so  many  rare  and  beautiful  minerals  were 
found  by  Mr.  William  J.  Kimzeyf*  This  rock  seems  to  have  been 
•in  direct  contact  with  the  limestone  and  it  is  due  to  their  mutual 
reactions  that  many  of  these  contact  minerals  have  been  formed. 
(See  chap.  VIII.  ii.  B.)  Leucite  rock  also  appears  in  this  same 
knoll,  but  its  relation  to  the  other  rocks  is  not  quite  clear.  It 
seems  as  if  it  formed  a  part  of  the  eleolite  eudialyte  dike  which, 
on  account  of  some  local  influence,  the  cause  of  which  it  is  diffi- 
cult to  detect,  crystallized  in  part  in  the  form  of  a  leucite 
syenite  dike. 

Between  this  knoll  and  the  low  hill  lying  south  of  it 
(page  179),  on  the  west  side  of  Cove  Creek,  is  situated  what  is 
known  as  ^'  Perofskite  Hill ''  a  very  slight  elevation  of  not  more 
than  30  feet  (lOm)  from  which  all  the  perorskite  or  dysanalyte 
crystals  from  Magnet  Cove  are  obtained.  These  crystals  are 
iisually  found  loose  od  the  surface  but  in  a  few  cases  have  been 
found  imbedded  in  caleite  or  apatite.  Brookite,  and  the  so- 
<;alled  hydrotitanite  (a  decomposed  perofskite)  as  well  as  mag- 
netite octahedrons  and  rosettes  of  rutile  are  also  found  in  this 
same  locality  and  all  indicate  that  metamorphosed  limestone  and 
-sandstone  were  once  present  in  the  hill  and  formed  the  rock  in 
which   they  were  produced.     Loose  pieces  of  black  leucite  tin- 

*  For  suggestloDs  od  the  practical  oonstructioa  and  operation  of  lime  kilos  the  reader  ii 
referrrd  to  the  report  od  the  limestones  and  marbles  of  Arkansas  by  T.  C.  Hopkins,  Vol.  IV. 
of  the  Annual  Report  of  the  Geological  Survey  of  Arkansas  for  1890. 

t  The  writer  has  obtained  from  Mr.  Kimzej  many  of  the  specimens  described  in  Uiis 
report  f'om  this  and  other  localiiies  about  the  Cove,  and  would  suggest  that  any  one  wishing 
specimens  from  this  region  may  obtain  them  by  addressing  Mr.  Kimsey  at  Magnet  P.  O.,  Hoi 
■'Spring Co  ,  Arkan«as. 
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guaite  have  been  found  on  the  hill,  and  near  the  highway  horn- 
stone  and  eleolite  tingudite  have  been  observed.  Due  west  of 
Perofskite  Hill  there  rises  a  much  steeper  and  more  prominent 
hill  of  lencite  syenite  dike  rook  which  is  surrounded  on  the  east 
by  a  band  of  green  leucite  tingudite.  Oa  the  west  this  hill  is 
bounded  by  shale  and  sandstone  which,  as  they  approach  the 
main  ridge  of  syenite^  become  hornstone-like.  Here  and  there 
scattered  through  this  altered  shale  are  dikes  of  fine-graiued 
"eleolite  syenite.     Ouachitite  has  also  been  found  in  loose  blocks. 

The  main  ridge  forming  the  western  boundary  of  the  Cove 
tM>nsists  of  a  fine-grained  eleolite  syenite  dike  which  at  certain 
points  becomes  leucitic.  Thus  while  the  bay-shaped  protrusion 
of  syenitic  material  extending  southward  into  the  shale  is  a 
perfect  leucite  syenite  dike  rock,  it  yet  grades  imperceptibly  into 
the  fine-grained,  eleolitic  rock  west  of  it.  The  fine-grained 
syenite  of  this  portion  of  the  bill  becomes  decidedly  lamprophyric 
and  in  many  cases  it  is  difiioult  to  determine  whether  a  speci- 
men of  this  or  of  some  dense,  basaltic  rock  is  at  hand.  In 
some  cases,  as  for  example  on  the  west  side  of  the  ridge  near  the 
school-house  on  the  hill,  the  rock  becomes  coarser  and  resembles 
that  from  the  Diamond  Jo  quarry  (see  later). 

In  the  road  and  generally  on  the  eastern  side  of  the  ridge 
near  its  base,  a  decomposed  novaculite  appears  which  may  have 
furoished  the  lime  for  the  formation  of  the  calcite  bed  already 
mentioned.  It  is  a  fine-grained,  harsh  rock,  which  can  easily  be 
cut  with  a  knife  and  might  be  used  for  a  coarse  polishing  powder. 
It  is  probable  that  this  rock  was  present  at  one  time  in  large 
mass'^s  on  the  eastern  and  southern  sides  of  this  ridge,  although 
it  id  now  completely  decomposed,  eroded,  or  covered  with  other 
materials. 

In  the  bed  of  the  small  stream  which  flows  into  Cove  Creek 
just  north  of  the  tufa  hill  on  the  west  of  Cove  Creek  both  a  meta- 
morphosed limestone  and  a  dark,  ponderous,  igneous  rock  occur. 
The  igneous  rock  forms  a  16  foot  (4.5m)  dike  and  is  the  most 
characteristic  example  of  an  amphibole  monchiquite  that  has 
been  found  among  the  igneous  rocks  of  Arkansas.  It  has  been 
traced  by  means  of  its  boulders  for  about  1,300  feet  (400m)  in 
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the  direction  N.  75^  E.  across  the  flati*,  but  in  the  bottomB  of 
the  ditches  it  is  found  in  place  (see  chapter  XIIL,  dike  174), 
Jubt  west  of  this  dike  and  not  many  feet  away  occurs  a  dike  of 
green  Icucite  tinguaite  and  at  several  other  points  in  that  region 
the  same  rock  appears.     Where  the  road  to  the  north  crosses  the 
hill  (along  the  township  line  between  sections  18  and  13)  masses 
of  fourchite  and  hornstone  occur.     About  half  way  up  the  hill 
and  ju&t  below  the   syenitic  rock  a  band  of  green  leucite  tin- 
guaite occurs  as  a  border  rock.     Between  this  ridge  and  the  hill 
lying  north  of  it,  the  flat  is  covered  with  waterworn  material 
and   gives   no   clue   to    what  is  beneath.     Along  the  southern 
boundary  of  the  syenite  both  hornstone  and  finegrained  varieties 
of  fourchite  are  found.     Here  and  there  in  the  ridge  the  leucitio 
rock  makes  its  appearance  but  the  mass  of  the  rock  consists  of  a 
garnetiferous  syenite  of  both  coarse-  and  fine-grained  varietieb*. 
A  dark  brown  variety  ofeleolite  syenite  dike  rock  and  fourchite 
occur  in  the  stream  bed  northeast  of  the  house  marked  S.  W« 
Fordyce   No.    3,  and  cover  a  considerable  area.     The  eleolitio 
rock  contains  small  masses  of  both  eleolite  syenite  (Diamond  Jo 
type)  and  of  garnetiferous  eleolite  syenite  (ridge  type).     These 
are  of  small  size  and  appear  to  be  local  variations  in  the  magma 
from  which  the  dark  colored  rock  was  formed.     Along  the  ridge 
east  of  this  point  both  eleolite  and  leucite  dike  rocks  occur,  but 
the  latter  become  more  and  more  scarce  until  the  eastern  end  of 
the  ridge  is  reached.     At  this  point  there  is  a  large  boulder  or 
loose  piece  of  eleolite  mica  syenite  (cove  type)  containing  large 
crystals  of  biotite.     On  the  south  side  of  this  ridge  a  good  deal 
of  weathered  material   occurs  which   consists  principally   of  a 
coarse-grained  sandstone,  which   at  one  time  contained  pyrite, 
and  in    which    this   mineral  has   now  been  altered  te  limonite. 
This  rock  has  been  the  subject  of  investigation  in  the    latest  of 
the  periodical  mining  fevers  which  has  attacked  Magnet  Cove. 

In  the  flat  south  of  the  end  of  the  ridge  and  lying 
between  it  and  Cove  Creek  are  two  outcrops  of  ig^neooa 
rock ;  one  a  narrow  dike  of  green  leucite   tingndite,  lying 

■^  This  is  not  the  abjssal  eleolite  garnet  sjenite  but  a  garnetilexous  rock  oorreqMBdiac 
to  a  fine-grained  rock  of  the  Diamond  Jo  type  of  dike  rook. 
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nearly  north  and  soath  and  connected  across  Cove  Creek 
with  a  larger  mass  on  the  south  side ;  the  other  a  small 
bank  of  eleolite   syenite   dike  rock  lying  parallel   to  the 
stream.    Soatlieast  of  the  end   of  the   ridge  there  occnrs^ 
a  peculiar  ring  of  eleolite  syenite  dike  rock,  which,  start- 
ing on  the  west  sile  of  a  small  hill  about  100  feet  (30m) 
above  the  level  of  the  creek  bed  at  that  point,   skirts  itB* 
northern  side  for  some  distance  and  then  crosses  over  the 
ridge  and  takes  a  due  southerly  course  to  the  bank  of  the 
creek.    It  then  turns  sharply  to  the  west  and  follows  the 
bank  of  the  stream  keeping  about  20  feet  (6m)  above  its  bed«.. 
At  the   western  end  it  becomes   somewhat  leucitic  in   its* 
texture.    The  most  peculiar  feature  of  this  dike  formation 
is  that  nowhere  does  it  exceed  twenty  feet  (6m)  in  widtb 
and  that  both  inside  and  outside  of  the  '*ring"  it  is  bounded 
by  sandstone. 

Northeast  of  the  house  marked  D.  R.  Rutherford,  wbieb 
stands  on  a  bank  of  detrital  material,  there  occur  more^ 
lodestone  and  protovermiculite  like  those  already  described 
on  the  lodestone  bed  in  the  Cove.  North  of  this  point,  loose 
pieces  of  eleolite  syenite  dike  rock  and  eleolite  tinguaite  are 
scattered  about.  They  are  evidently  portions  of  dike» 
which  cut  through  the  side-hill  and  have  an  approximately 
east  and  west  direction.  At  one  or  two  points  in  the  beds 
of  the  streams  where  these  dikes  cross  them  the  rock  ap- 
pears in  place.  (See  chap.  XIII.,  dikes  195,  196).  At  the 
eastern  end  of  this  dike  or  series  of  dikes,  one  three  foot 
(0.9ai)  dike  is  exposed  and  crosses  Cove  Creek  about  'iOO* 
feet  (90m)  south  of  the  house  marked  J.  M.  Henry  No.  1. 

Northeast  of  this  on  Cove  Creek  there  are  but  very  few 
exposures  of  igneous  rock ;  several  dikes  of  dark  colored 
igneous  rock  cut  the  sedimentary  strata  in  the  bed  of  the 
stream;  at  a  point  about  1000  feet  (300m)  above  the  bouse, 
J.  M.  Henry  No.  1,  there  occurs  a  dike  (Chap.  XIII.,  dike^ 
198)  of  syenitic  rock  (fine-grained  eleolite  syenite  dike  rock) 
lying  nearly  parallel  to  the  stream.  This  is  bounded  on 
both  sides  by  shales   which  have  been  metamorphosed    to* 
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i)6aatifally  banded  bornstones.  Tbe  bigh  cliff  west  of  the 
nortbeast  corner  of  section  17,  contains  a  combination  of 
various  dikes  (Chap.  XIII.,  dikes  199  to  206)  wbich  is  some- 
what peculiar.  Lying  in  the  face  of  the  clifi  three  varieties 
of  intrusive  rock  appear  which  are  distributed  as  follows : 
A  dense,  dark  eleolite  syenite  dike  2  feet  (0.6m)  wide  strikes 
op  tbe  cliS  at  an  angle  of  about  45^  to  tbe  west.  Near  its 
highest  point  two  dikes  of  light-colored,  syenitic  rock,  wbich 
make  smaller  angles  with  the  horizon,  intersect  it.  One  of 
these  is  a  pure  eleolite  syenite  dike  [eleolite  porphyry  (?)  ] 
while  the  other  is  a  mixture  of  light  and  dark  syenitic 
material.  Each  of  these  is  about  one  foot  (0.3m)  wide  and 
the  upper  one  which  contains  tbe  mixed  rocks  makes  an 
•angle  of  about  15^  with  the  horizon,  while  tbe  lower  one 
makes  an  angle  of  about  20°  and  cuts  the  upper  one  near 
their  common  junction  with  tbe  dark  colored  dike.  Two 
-other  dikes  of  dark  colored  syenite  are  found  in  this  cliflf 
but  they  do  not  intersect  those  just  described. 

On  the  side  hill  across  (southeast  side)  Cove  Creek  two 
varieties  of  rock  occur  which  differ  quite  decidedly  from 
each  other  both  in  appearance  and  in  composition.  One  of 
these*  is  black  and  heavy  and  forms  the  principal  rock  of 
that  side  of  the  stream.  It  is  well  exposed  in  tbe  steep 
banks  which  are  from  twenty  to  thirty  feet  (6  to  9m)  bigh. 
This  rock  appears  to  be  a  form  of  the  Cove  type  of  eleolite 
syenite  in  which  there  is  a  great  preponderance  of  black 
minerals.  It  is  very  heavy  and  dark  and  presents  tbe 
appearance  of  a  basaltic  rock,  but  under  tbe  microscope  it 
is  seen  to  lie  between  the  true  eleolite  syenites  And  the  mon- 
■chiquites  in  its  mineral  composition.  It  has  been  classed 
with  the  former  for  several  reasons,  among  which  are  tbe 
following  :  It  is  older  than  the  light  colored  syenite  dikes 
which  are  found  cutting  it  in  dikes  both  large  and  small ; 
its  chemical  composition  is  nearer  that  of  tbe  mica  eleolite 
eyenite  than  of  the  monehiquite  or  ouacbitite  of  this  region 
or  of  other  parts  of  the.  world;  its  minerals  are  more  like 
those  of  the  syenite  than  of  the  monehiquite,  as,  for  example 


M. 
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the  pyroxene  which  belongs  to  the  diopside  variety  and  not 
to  the  basaltic  angite.  Moreover,  the  rock  is  cut  in  several 
places  by  dikes  of  onachitite,  which  indicates  that  it  is  older 
than  the  latter,  and  not  of  the  same  age  as  would  be  ex- 
pected if  it  were  grouped  together  with  it  in  the  monchiquite^ 
group.  ,  The  fact  that  this  dark  rock  is  cut  by  sharply 
defiued  dikes  of  light  colored  syenite  in  every  direction 
shows  that  the  former  must  have  been  quite  solid  before  the 
latter  was  formed.  The  fragments  of  the  dark  rock  have^ 
sharp  corners  and  angles  and  show  that  the  rock  was  com- 
pletely shattered  by  the  intrusion  of  the  younger  rock.  la 
many  places,  especially  near  the  house  marked  J.  M.  Henry 
No.  8,  this  dark  rock  occurs  only  in  very  small  pieces,  but 
at  other  points  it  appears  to  have  been  broken  through  only 
in  a  few  cracks.  For  an  illustration  of  this  see  the  view 
looking  up  Cove  Creek  from  a  point  due  east  of  J.  M. 
Henry's  house  (plate  15).  In  this  illustration  the  white 
dikes  are  the  younger,  light  colored,  syenitic  rock  which 
breaks  through  the  dark  rock. 

On  the  side-hill  above  the  point  where  the  black  rock 
ceases  (south  of  the  northeast  corner  of  section  17)  there  appears 
a  comfisratively  coarse- grained  eleolite  syenite,  which  resembles 
quite  closely  the  syenite  of  the  Diamond  Jo  type.  This  extends 
up  the  hill  to  the  point  where  the  novaculites  occur  but  above 
them  DO  trace  of  it  can  be  found.  The  syenite  only  occurs  as> 
loose  boulders  and  it  is  so  weathered  that  no  microscopic  deter- 
mination of  it  can  be  made.  On  the  west  side  of  this  same  hill 
there  appears  a  dike  of  eleolite  tinguaite  (Chapter  XIII.,  dike 
214)  which  is  probably  about  3  feet  (0.9m)  wide.  Its  exact 
width  and  direction  cannot  be  determined,  because  of  the  large 
amount  of  talus  derived  from  the  novaculite  capping  the  hill, 
but  it  seems  to  strike  straight  up  the  western  nlope  of  the  hilK 
On  the  point  of  the  hill  above  the  end  of  this  dike  a  small 
deposit  of  rock  belonging  to  the  novaculite  series  occurs  which, 
although  not  very  important  at  this  locality,  becomes  so  further 
south  and  forms  one  of  the  carriers  for  the  rare  minerals  of  the 
region.    This  rock  consists  of  quartz  crystals  which  are  more  or 
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4e6s  perfectly  terminated  and  which  oooasionally  form  the  beauti- 
ful rock  crystal  and  smoky  quartz  so  mnoh  Rought  after  by  the 
cniiieral  dealers  of  Hot  Springs.*  The  crystals  are,  however,  more 
-commonly  pressed  together  into  a  loose  mass  which,  on 
being  struck  with  a  hammer,  readily  falls  to  pieces.  These 
m  '8ies  are  often  so  loosely  cemented  together  that  mere  rubbing 
in  the  hands  suffices  to  crumble  the  rock  to  a  fine  sand.  Mig- 
fietite  grains  of  varying  size  and  the  renowned  arkansite  or 
brookite  which  has  been  the  subject  of  so  much  discussion 
^moog  mineralogists  occur  among  these  small  quartz  grains  and 
are  imbedded  on  the  surface  of  the  large  crystals.  These 
minerals  will  be  described  later  under  the  head  of  metamorphic 
tniiierals  (Chap.  VIII.  ii.  A.),  although  it  is  not  at  all  certain 
what  part  the  igneous  rocks  have  played  in  their  formation. 

The  side-hill  south  of  the  igneous  dike  mentioned  above  is 
evidently  cut  by  similar  dikes,  although  in  no  case  has  it  been 
possible  to  determine  the  exact  position  of  any  of  them.  Their 
presence  is,  however,  indicated  by  the  loose  blocks  of  rock  found 
here  and  there  and  by  the  growth  of  deciduous  trees  which  cover 
this  part  of  the  hill.  This  sudden  change  in  arbora- 
tion  as  indicating  a  change  in  the  character  of  the  underlying 
rocks  on  the  hills  surrounding  the  Cove  cannot  be  too  strongly 
emphasized. 

West  of  this  hill  lies  Chamberlain  Creek  and  the  space 
•between  the  latter  and  Cove  Mountain,  still  further  to  the  west, 
is  covered  with  both  leucitic  and  eleolitic  syenite  dike  rocks  so 
intermingled  that  it  is  impossible  to  separate  them.  The  land 
is  almost  all  under  cultivation  and  it  is  only  here  and  there  that 
the  leucite  rock  forms  a  mass  of  boulders  so  thick  that  tillage  is 
impossible.  Spots  where  such  masses  of  syenite  occur  are  marked 
by  a  tangled  growth  of  blackberry  bushes  and  a  second  growth 
of  deciduous  trees  and  are  easily  recognized  at  a  distance.  There 
is  one  small  patch  of  shale  due  south  of  the  house  marked  J.  M. 
Henry  No.  3.  This  forms  the  top  of  a  bank  sloping  steeply  to 
the  creek  on  the  east  and  which  on  its  west  side  shows  a  decom- 


<*  The  principal  source  of  the  Hot  Springs  crystals  is,  howeTer,  not  tills  rock  but  the 
sandstone,  in  which  the^'rystab  appear  in  boh  large  and  small  segregations. 
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posedy  ooarse-grainedy  miarolitic  eleolite  syenite.  At  this  point  it 
only  appears  in  a  few  oatorops  and  is  so  much  deoomposed  that 
nothing  definite  can  be  determined  about  it.  In  the  stream  near 
the  foot  ot  this  bank  two  dikes  (Chap.  XIII.^  dikes  221  and  222) 
of  a  dark,,  heavy  rock  occur  imbedded  in  shale  and  are  evidently 
associated  with  the  dark  colored  eleolite  dikes  already  described. 

The  Cove  Moontiin  forms  the  northern  end  of  the  horse- 
shoe-shaped ridge  which  has  already  been  described  a?  consist- 
ing principally  of  hornstone  (page  177)  and  is  itself  composed 
of  this  material.  It  is  cut  in  all  directions  by  dikes  of  various 
igneous  rocks  and  both  sandstone  and  shale  occur  on  it  in  a 
comparatively  unaltered  condition.  Some  of  the  sandstone, 
containing  large  crystals  of  pyrite  (15  to  20mm)  in  a  m  )re  or  less 
decomposed  state  appears  on  the  crest  of  the  northern  end  of 
the  hill.  It  is  only  a  short  distance  away  from  the  leucite 
syenite  dike  rock  which,  on  the  northeast  side  of  the  hill,  reaches 
nearly  to  its  top.  Leucite  tinguaite  and  eleolite  syenite  dike 
rock  of  the  Diamond  Jo  type  are  also  found  there,  but  they  are 
so  covered  up  with  leaves  and  mould  that  it  is  difficult  to 
determine  their  exact  positions.  On  passing  along  this  ridge 
towards  the  south  several  alternations  between  the  sBdimentary 
and  igneous  rocks  are  observed,  as  is  shown  on  the  map,  but  the 
lines  of  demarcation  between  the  different  formations  are  not 
sufficiently  sharp  to  allow  of  their  exact  location.  Boulders  of 
fourchite,  which  occur  here  and  there  scattered  over  the  hill, 
are  occasionally  so  arranged  as  to  suggest  a  weathered  dike. 

Numerous  large  boulders,  and  a  few  rocks  in  place,  which 
consist  of  eleolite  porphyry  (Chap.  VII.  ii.  B.  3),  occur  in  a 
cultivated  field  northeast  of  Dr.  J.  T.  Thornton's  house  at  the 
southern  end  of  the  ridge.  These  form  the  most  characteristic 
specimens  of  this  rock  which  have  been  found  and  are  those 
which  were  taken  as  the  type  in  the  petrographic  description 
and  from  which  the  analysis  was  made.  Their  relations  to  the 
other  rocks  of  the  region  are,  however,  entirely  masked  by  their 
poor  exposure  and  by  the  weathering  which  has  taken  place.  It 
seems  probable  that  they  constitute  porphyritic  dikes  of  the 
eleolite  syenite  material  which  do  not  in  appearance,  structure 
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or  chemical  compositioa  correspond  with  the  eleolite  tingaaitea 
found  elsewhere. 

In  their  chemical  composition  these  rocks  are  connected 
with  the  eleolite  mica  syenite,  that  ii>,  the  basic  eleolite  syenite 
of  the  cove  type,  while  the  tinguaites  belong  to  the  more  acid 
dike  rocks  of  the  Diamond  Jo  type.  Just  Roi*th  of  Dr.  Thorn- 
ton's house  is  a  mass  of  hornstone  which  has  been  used  as  a  type 
for  this  material,  the  analysis  of  which  will  be  found  under  its 
proper  heading  (Chap.  VIII.  i.). 

The  southern  end  of  the  valley  between  Cove  Mountain  and 
the  novaculite  ridge  east  of  Magnet  Post-office  is  filled  with 
leucite  and  eleolite  syenite  dike  rocks  but,  as  usual,  the  line  of 
separation  between  these  two  varieties  cannot  be  sharply  or  dis- 
tinctly drawn.  At  the  point  where  Chamberlain  Creek  rounds 
the  bluff  near  Tom  Ebbs'  blacksmith  shop  these  two  varieties  of 
rock  occur  side  by  side  on  both  banks  of  the  stream,  as  is  shown 
on  the  map,  but  even  here  their  relations  to  each  other  are  not 
well  defined.  The  leucitic  rock  crosses  the  ravine  west  of  the 
eleolite  rock,  and  the  two  bands  apparently  lie  parallel  to  each 
other.  The  eleolite  syenite  forms  a  belt  not  more  than  15  feet 
(4.5m)  wide  between  the  leucite  syenite  and  the  sandstone.  On 
the  north  side  of  the  stream  there  is  but  a  small  quantity  of  this 
rock,  and  the  line  of  contact  between  it  and  the  sandstone  de« 
scends  the  steep  bank  in  a  northwesterly  direction  and  crosses 
^0  the  west  side  where  its  occurrence  has  already  been  described 
(p.  190),  From  Ebbs'  shop  and  extending  south  20°  east  for 
a  half  mile  (0.8km)  is  a  band  about  500  feet  (152m)  wide  of  the 
granular,  friable  quartz  rock  and  the  rock  containing  the  large 
quartz  crystals  covered  with  brookite.  The  finest  specimens  of 
these  crystals  are  obtained  near  John  Watts'  house. 

The  leucite  syenite  dike  rock  fills  the  valley  west  of  this 
point  and  is  well  exposed  just  west  of  W.  Atkins'  house.  The 
hillside  south  of  Benj.  Carr's  house  is  entirely  covered  with  loose 
pieces  of  Paleozoic  shale  intermixed  with  fragments  of  igneous 
rock,  but  the  former  is  probably  the  main  rock  of  the  hill.  The 
leucite  syenite  dike  then  bears  to  the  east  and  near  John  Watts^ 
house  a  line  of  boulders  of  a  miarolitic  dike  rock  appears.   The 


MAGNBT  COVB  BBGION  —  DISTBIBUTION.  198 

steep  cliff  above  Stone  Quarry  Creek  at  this  point  consists  prin- 
cipally of  Eedimentary  rock  and  the  leacite  syenite  dike  rock 
exists  only  at  the  top ;  but  further  to  the  east  the  syenite  de* 
scends  to  the  bank  of  the  stream  and  crosses  to  the  opposite  side^ 
Leucite  tinguaite  appears  in  considerable  quantities  in  the  two* 
streams  which  enter  Stone  Quarry  Creek  from  opposite  sides 
east  of  this  point. 

The  igneous  rock  of  this  region  is  terminated  on  the  east  by 
Paleozoic  shale  and  the  line  of  contact  is  found  to  lie  along  the 
line  of  the  north  and  south  lane  which  forms  the  center  line  of 
section  21.  Pleistocene  deposits  cover  the  shale  further  to  the 
east. 

Leucite  syenite  dike  rock  covers  the  hill  lying  southwest  of 
the  house  marked  Mrs.  Win  ford  No.  1,  and,  at  its  southeastern 
corner,  near  the  lane,  becomes  somewhat  tinguaitic,  showing  a 
tendency  towards  an  eleolite  tinguaite.  Southeast  of  this  a  com- 
paratively deep  gully,  made  by  Rowan's  Branch,  separates  the 
igneous  rock  from  the  novaculite  still  further  to  the  southeast. 
Near  the  house  marked  I.  Rowan,  several  dikes  of  eleolite  syenite 
and  eleolite  porphyry  occur  as  well  as  a  few  consisting  of  ouachi- 
tite  (?)  (See  chap.  XIII.,  dikes  237-243.)  These  all  trend  in  a 
westerly  direction  and  near  Stone  Quarry  Creek  form  a  steep 
bluff  of  eleolite  syenite  dike  rock  which  is  separated  from  the 
leucite  syenite  dike  rock  north  of  it  by  a  narrow  band  of  sand- 
stone. The  eleolitic  rock  crosses  the  bed  of  the  stream  and  forms 
a  not  inconsiderable  mass  on  the  western  side,  extending  almost 
up  to  the  leucitic  rock  described  later.  It  i.s  from  this  southern- 
most exposure  of  eleolite  syenite  dike  rock  (Diamond  Jo  type) 
that  the  millstones  already  mentioned  (see  page  9)  were  quarried 
and  it  is  remarkable  that  the  fragments  of  this  rock  are  still  com- 
paratively fresh,  notwithstanding  the  fact  that  they  have  been 
subjected  to  the  action  of  the  elements  under  most  trying  con- 
ditions for  more  than  fifty  years. 

Just  north  of  this  point  the  banks  of  Stone  Quarry  Creek 
become  very  precipitous,  but  the  steepest  and  highest  banks  are 
not  opposite  each  other,  so  that  no  narrow  gorges  are  formed. 
The  alternation  of  these  steep  banks  from  one  side  of  the  stream 

18  Geological;  Vol.  ii.,  1890. 
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to  the  other  may  best  be  seen  by  an  inspectioD  of  the  map.  The 
highest  and  steepest  bank  rises  140  feet  (43m)  above  the  bed  of 
the  creek  and  consists  of  a  mass  of  leucite  tingaaite,  above  and 
OQ  the  south  side  of  which  leucite  syenite  dike  rock  appears. 
This  leucitic  rock  forms  flat  masses  on  the  top  of  the  blaS  and 
by  the  disintegrating  action  of  the  elements  has  yielded  a  large 
number  of  loose,  icositetrahedral  crystals  of  pseudoleucite;  it  is 
probable  that  from  this  point  were  obtained  the  specimens  first 
examined  and  described  by  Kunz  (Chap.  VII.  ii.  C.  1). 

Where  this  leucite  rock  comes  down  the  hill  on  the  southern 
side  of  the  tinguaite  bluff,  it  appears  almost  like  a  lava  stream, 
but  this  resemblance  is  due  to  the  weathering  and  exfoliation  of 
the  rock  and  not  to  any  true  flow,  for  the  Stone  Quarry  Creek 
valley  has  been  in  a  great  part  cut  out  since  the  intrusion  of 
tliese  rocks.  The  leucite  rock  extends  nearly  to  the  eleolite 
eyenite  dike  described  above  and  is  only  separated  from  it  by  a 
narrow  band  of  sedimentary  rock. 

At  several  points  on  the  comparatively  flat  top  of  this  hill 
there  are  found  spots  covered  with  loose  boulders  of  the  green 
leucite  tinguaite  and  at  other  points  boulders  of  monchiquite  may 
be  observed.  The  location  and  approximate  extent  of  these 
deposits  is  indicated  on  the  map,  but  very  little  reliance  can  be 
placed  upon  the  accuracy  of  the  details  in  this  instance,  since  the 
position  of.  the  rocks  could  only  be  determined  from  loose 
material.  The  southern  boundary  of  the  leucite  syenite  dike 
rock  is  approximately  a  straight  line  which  falls  in  line  with  the 
syenite  dikes  near  Rowan's  house,  and  which  extends  towards 
the  west,  with  only  one  break,  to  beyond  the  Diamond  Jo  quarry 
described  later.  On  a  small  spur  on  the  southwestern  side  of 
this  hill  a  small  area  of  eleolite  syenite  of  the  Diamond  Jo  type 
apj)ears,  and  between  that  and  the  leucite  rock,  from  which  it  is 
separated  by  shale,  there  are  a  few  boulders  of  ouachitite. 

The  specimen  of  leucite  syenite  dike  rock  represented  in 
plate  17  (See  Chap.  VII.  ir.  C.  1)  was  found  on  the  mass  of 
leucite  rock  which  comes  down  to  the  creek  from  the  east, 
nearly  opposite  to  the  high  bluff  just  described,  and  well 
illustrates  the  frequency  with  which  the  pseudoleucite  crystals 
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-occur.  A  little  farther  ap  the  stream^  bat  still  oa  the  east  bank^ 
the  altered  sedimentary  rock  appears  and  forms  a  point  which 
extends  toward  the  west.  The  leucite  syenite  dike  rock  then 
^appears  again  at  the  water's  edge  and  forms  a  considerable  mass 
on  both  sides  of  the  stream.  The  sedimentary  rock  forming  the 
bank  farther  up  the  stream  cuts  off  this  rock  and  is  itself  finally 
supplanted  for  a  distance  by  a  dark^  porphyriticeleoliterock,  but 
it  appears  again  at  the  point  where  the  valley  bends  to  the  east. 
Opposite  this  point  is  the  bank  described  (page  193)  where  the 
leucite  dike  rock  is  ou  top  of  the  bank  while  the  shale  forms  its 
lower  slopes.  West  of  this  the  whole  hill  as  far  as  Versar^s 
Branch  is  made  up  of  shale,  but  the  point  which  extends  from 
the  main  ridge  toward  the  south  and  forms  the  dividing  line 
between  Versar's  Branch  and  Stone  Quarry  Creek,  is  made  up 
of  an  extremely  confused  mass  of  leucite  syenite  dike  rock,  leucite 
tinguaite,  eleolite  syenite  dike  rock,  both  coarse-  and  fine-grained, 
and  of  metamorphosed  sedimentary  rock.  The  approximate 
positions  of  these  various  rocks  are  indicated  ou  the  map,  but  as 
most  of  the  country  is  thickly  wooded  and  the  character  of  the 
rock  could  only  be  determined  from  the  loose  pieces  found,  the 
lines  of  separation  are,  therefore,  not  very  accurate.  The  small, 
narrow  projection  on  the  east  side  consists  of  an  eleolite  syenite 
dike  (Diamond  Jo  type)  and  boars  a  strong  resemblance  to  a 
lava  flow,  but  is  the  result  of  unequal  weathering  and  erosion.  On 
the  west  side  of  Versar^s  Branch  the  land  is  mostlv  under  culti- 
vation  as  far  as  the  road  along  the  ridge,  while  the  rest  is 
covered  with  woods  in  which  little  or  no  rock  can  be  found  in 
|)lace.  The  lower  part  of  the  hill  and  the  stream  bottom  are 
probably  made  up  of  shale  which  on  the  higher  parts  of  the  hill 
contains  green  and  black  leucite  tinguaite  as  well  as  hornstone 
and  a  fine-grained,  porphyritic  syenite.  Boulders  of  fourchite 
and  monchiquite  have  been  found  here  and  there,  as  for  ex- 
ample, on  the  highest  point  of  the  hill,  but  they  are  not  at  all 
common.  The  top  of  the  ridge  consists  principally  of  hornstone 
which  extends  down  to  the  eleolite  garnet  syenite  ou  the  inside 
of  the  Cove  basin.  The  ridge  is  occasionally  crossed  by  the 
-black  eleolite  tingudite  which  can  often  be  traced  by  means  of 
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boulders  for  some  distance  in  a  general  west-northwest  directioDw 
The  positions  of  these  dikes  are  indicated  on  the  map,  and  some 
of  them  are  numbered  and  described  in  the  general  table^ 
(Chap.  XIII.). 

Southwest  of  the  house  marked  J.  N.  Johnson  No.  1,  there 
occurs  a  green  leucite  rock  which,  when  broker,  does  not  present 
the  glassy  appearance  so  characteristic  of  the  dike  form  of 
leucite  tinguaite.  It  contains  large  crystals  of  pseudoleucite 
some  of  which  are  more  than  three  inches  (76jnm)  in  diameter. 
They  usually  weather  white  and  appear  as  large,  white,  polygonal 
(usually  hexagonal)  spots  on  the  dark,  bluish  green  stone.  The 
weathering  of  the  mineral  and  the  matrix  seem  to  take  place  at 
equal  rates,  so  that  the  surface  of  the  rock  always  remains 
smooth.  It  is  impossible  to  discover  the  exact  extent  of  this 
rock  or  of  the  black  eleolite  porphyry  or  tinguaite  with  which 
it  is  closely  connected  both  in  position  and  origin.  It  is,  how- 
ever, not  improbable  that  this  green  leucite  tinguaite  marks  the 
northwestern  limit  of  the  leucitic  rock  forming  the  high  bluff 
already  described  (page  194),  east  of  it  and  that  the  eleolite 
porphyry  is  only  a  phase  of  the  same  rock.  Somewhat  further 
south,  but  still  on  the  same  hill,  there  appear  boulders  from  one 
of  the  eleolite  tinguAite  dikes  mentioned  above,  (page  196)  as 
well  as  loose  pieces  of  monchiquite  rock  and  fragments  of  shale. 

In  front  of  J.  N.  Johnson's  house  and  all  along  the  '^ridge 
road"  boulders  of  tinguaite  and  of  fourchite  occur  but  it  is  only 
in  rare  cases  that  they  can  be  located  with  any  accuracy. 

The  ridge  forming  the  southern  boundary  of  the  Cove  con-- 
sists  principally  of  hornstone  which  is  separated  from  the 
eleolite  garnet  syenite  by  the  white,  spotted  rock  mentioned 
above  and  occurring  south  of  J,  F.  Moore's  house  (page  179). 
The  hornstone  forms  the  top  of  the  hill  and  is  frequently  in- 
tersected by  dikes  of  eleolite  tingu4ite  and  by  small  masses  of 
rock  belonging  to  the  monchiquite  group.  In  many  places  it  is 
absolutely  impossible  to  decide  which  of  the  boulders  belongs  to 
the  prevailing  rock  of  the  locality.  Near  J.  D.  York's  house 
and  on  the  lane  running  thence  toward  the  south  there  is 
much    eleolite  tingudite   and    monchiquite  exposed;  it  seems 
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more  probable  that  these  rooks  are  in  the  form  of  narrow  dikes 
ID  the  horDStODe  than  that  they  constitute  any  considerable 
independent  masses.  The  line  of  junction  between  the  horn- 
«tone  and  the  leuoite  syenite  dike  rock  keeps  near  the  crest  of 
the  hill  and  is  at  this  point  marked  by  the  occurrence  of  tin- 
gndite.  The  leucite  syenite  dike  rook  forms  the  greater  part  of 
the  maes  of  the  igneous  rock,  but  it  is  found  in  many  cases  to 
change  almost  imperceptibly  into  eleolitic  rook  of  either  the 
Diamond  Jo  or  the  garnetireroue  eleolite  syenite  (ridge)  type. 
About  half  way  down  the  southern  slope  of  the  ridge  several 
parallel  bands  of  sedimentary  rock  appear.  These  are  not  very 
wide  but  they  seem  to  follow  a  nearly  east  and  west  course 
and,  if  their  appearauoe  in  successive  gnlley^  and  roads  may  be 
taken  as  an  indication,  they  seem  to  be  continuous.  The  whole 
eide-bill  is  covered  with  loose  boulders  of  syenite  and  scattered 
here  and  there  among  them  loose  pieces  of  sedimentary  rock 
-occur,  indicating  that  the  latter  is  probably  more  plentiful 
among  the  igneous  rocks  than  might  be  supposed.  The  presence 
of  these  loose  pieces  of  rook  is  indicated  on  the  map  by  crosses 
«nd  bands  of  the  sedimentary  color  over  the  igneous  back- 
ground. 

Some  olue  to  the  couditions  under  which  the  rocks  of  this 
ridge  have  been  formed  may  be  obtained  from  the  occurrence  of 
«  dike*  of  eleolite  syenite  lying  about  200  feet  (61m)  south  of  the 
maia  mass  of  igneous  rock.  This  dike  has  been  traced  in  an  east 
«nd  west  direction  for  over  1500  feet  (467m)  and  seems  to  be 
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perfectly  uDiform  in  width  throughout  its  entire  length.  It 
comes  up  through  the  shale  in  a  direction  almost  parallel  to  the 
contact  between  the  shale  and  the  south  side  of  the  main  mass  of 
rock  of  the  Diamond  Jo  quarry  (Fig.  9).  A  band  of  shale  sep- 
arates the  two  exposures  and  shows  that  each  of  the  masses  of 
igneous  rock  was  intruded  into  the  sedimentary  rook  across  the 
stratification,  but  in  the  direction  of  its  strike.  The  same  thing- 
has  been  repeated  several  times  further  up  the  hill  and  differs 
from  this  case  only  in  the  fact  that  there  the  masses  of  intrasive 
rock  are  larger  and  the  sedimentary  beds  narrower.  In  this  way 
the  numerous  bands  of  shale  and  the  fragments  of  sedimentary 
rock  found  among  the  igneous  rocks  are  accounted  for.  Id 
most  cases  where  the  sedimentary  rock  is  found  in  place  in  the- 
stream  beds  a  band  of  tinguAite  occurs  on  either  one,  or  both 
sides  of  it.  This  shows  very  conclusively  the  border  character 
of  the  tinguaite  and  the  intrusive  character  of  the  syenitic  dikes. 
The  southern  edge  of  the  main  igneous  mass  ooneists  prin- 
cipally of  an  eleolite  syenite  dike  rock  which  in  some  places 
passes  into  an  eleolite  tingudite.  The  eleolite  syenite  dike  rock 
has  been  opened  at  the  point  marked  **  Diamond  Jo  Quarry  "  ^ 
and  has  proved  itself  to  be  a  superior  building  stone  both  in  ap- 
pearance and  durability.  It  is^  on  the  southern  side  of  the  open- 
iog^  in  direct  contact  with  the  sedimentary  rook  which  it  has 
metamorphosed  for  a  distance  of  several  feet  from  the  line  (See- 
chap.  YIU.  l).  The  contact  is  shown  in  plate  18  (Chap. 
YIII.  I.)  and  a  general  view  of  the  quarry  is  obtained  from  plate- 
16.  In  the  latter  picture  the  peculiar  weathering  of  the  eleolite 
syenite  into  boulders  which  lie  buried  only  a  short  distance 
below  the  surface  is  shown  by  the  line  of  such  boulders  on  top  of 
the  main  body  of  the  rock.  The  rock  of  the  quarry  which|  bjr 
the  way,  like  all  the  other  syenites  of  Arkansas  is  called  granite^ 
shows  numerous  variations  in  structure  and  size  of  grain.  It 
takes  a  beautiful  polish  and  is  a  most  ornamental  and  desirable 
stone  for  interior  workf.     In  regard  to  its  mineral  constitution 

*TbiB  quarry  waiowDed  hj  tbe  late  Mr.  Jo  Reyool da  of  Chicago,  Ul.  and  was  par- 
chaerd  hj  him  in  order  to  lupply  the  Hot  Springs  Railroad,  of  wliich  he  waa  the  prtnciptk 
owoer,  with  a  good  material  for  bridge  piers,  arches  and  buildings. 

t  Set  the  frontispiece  (plate  1)  in  which  a  polished  surface  of  this  atena  is  repiodooed. 
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and  atracture  the  reader  is  referred  to  the  petrographical  de- 
scription of  the  eleolite  eyeoite  dike  rook  (Diamond  Jo  type) 
(Chap.  VII.  II.  B.  1). 

At  a  point  jast  west  of  the  quarry  a  large  rook  Tras  found 
which  shows  very  well  the  intimate  relations  existing  between 
the  eleolite  rack  of  the  quarry  and  the  leucite  rock  juat  north  of 
it.  This  mass  of  rook  consists  principally  of  lenoite  syenite  dike 
rock  and  between  (be  masses  of  that  material  the  eleolite  syenite 
dike  rock  forms  a  cementing  mass  showing  a  sort  of  flnidat 
etracture  in  some  places  and  at  other  points  forms  a  coarte 
crystalline  mass,  withent  any  indication  of  a  magmatic  flow  and 
much  resembles  the  rock  from  the  quarry.  It  is  evident  from 
the  indistinct  lines  of  separation  and  the  mutual  interpenetra- 
tion  of  the  two  rocks  that  tbey  were  formed  from  the  same 
magma  by  different  conditions  of  crystallization  and  not  by  tbe 
subsequent  eruption  of  the  eleolite  rock  and  consequent  re- 
smelting  of  a  previously  formed  leucite  rock.  Tbe  accompany- 
ing sketch  of  this  rock  (Fig.  10)  was  drawn  from  a  large  photo- 
graph which  was  not  suitable  for  direct  reproduction. 


On  tbe  road  from  Cove  Creek  station  to  the  top  of  the  ridg» 
near  the  house  marked  R.  F.  Orr  No.  1,  the  reoarreoce  of  the 
varioos  bands  of  igneous  and  sedimentary  rock  may  be  studied 
in  detail  to  advantage.  A  narrow  band  of  eleolitic  rock 
crosses  the  road  jnst  south  of  the  boose  marked  J.  H.  Lecroy 
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No.  If  (Chap.  XIII.,  dike  134)  and  is,  possibly,  the  western 
proloDgalioQ  of  the  dike  which  lies  soatb  of  the  Diamond  Jo 
quarry,  although  it  does  not  resemble  it  in  structure.     This  dike 
is  much  more  tinguaitic  or  lamprophyric  in  its  character  than 
the  coarse-grained  syenitic  dike.     There  are  two  dikes  of  this 
character  not  far  apart  but  north  of  them  and  to  the  point  where 
the  main  mans  of  syenite  is  reached  an  arenaceous  shale  consti- 
tutes the  hillside.     The  main  mass  of  igneous  rock  begins  with  a 
leucite  syenite  dike  rock  instead  of  with  an  eleolite  rock,  as 
might   be   anticipated  from   what  has   been    observed    at    the 
Diamond  Jo  quarry,  and  the  road  is  then  crossed  by  two  bands 
of  sedimentary  rock  as  already  mentioned  (page  174).     These 
are  separated  by  a  black,  dense  eleolite  syenite  and  above  them 
an  eleolite  syenite  occurs.    Next  to  this  is  a  band  or  mass  of  mon- 
chiquite  (fourchite),  then  more  leucite  syenite  dike  rock  appears 
and  a  second   band  of  fourchite  crosses  the  road.     The  leucite 
syenite  dike  containing  the  large  crystals  which  has  been  pre- 
viously mentioned  as  appearing  in  front  of  R.   F.  Orr's  house, 
No.  1,  crosses  the  road  next  above  these  and  on  both  sides  of  it 
are  found  narrow  bands  of  green  leucite  tinguaite.     Beyond  this 
the  road  descends  into  a  slight  depression,  where  is  situated  a 
train  of  loose  boulders  of  fourchite;  beyond  this  the  road  forks, 
one  branch   of  it  running  along  the  ridge  to  the  east  and  the 
other  branch  crossing  over  into  the  Cove.     The  latter  passes 
first  over  hornstone  in  which  there  are  evidently  numerous  dikes 
of  both  eleolite  tinguaite  and  members  of  the  fourchite  group  as 
is  shown  by  the  loose  boulders  of  these  rocks  scattered  every- 
where among  the  fragments  of  hornstone.     Near  the  juDction  of 
the  road  running  from  J.  Neusch's  house  toward  the  north  there 
is  considerable  fourchite,  but  it  is  probable  that  it  does  not  form 
as  large  a  mass  as  its  boulders  would  suggest  or  as  is  indicated 
upon  the  map.     Just  before  coming  to  the  band  of  light  colored, 
speckled,  metamorphosed  rock,  a  dike  of  the  eleolite  tinguaite 
with   the  large  feldspars,  similar  to  those  already  mentioned  (p. 
178),  occurs.      Beyond  this  the  road  crosses  the  light  cole  red, 
speckled   and  banded  rock  and  then  passes  to  the  eleolite  garnet 
syenite  (ridge  type)  as  already  described. 
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The  minute  description  of  the  seqaence  of  the  rocks  ob- 
served in  this  road  has  been  given  as  a  specimen  of  the  confusing 
waj  in  which  the  rocks  succeed  one  another  and  in  order  to  give 
some  idea  of  the  difficulty  of  tracing  out  the  various  kinds  of 
rock  where  they  are  not  exposed  in  a  road  but  are  concealed  by 
soil  and  vegetation. 

On  the  continuation  of  the  ridge  of  the  hill  to  the  northwest 
of  the  area  covered  by  fourchite  (center  line  between  S.  E.  and 
S.  W.  quarters  of  section  19)  several  dikes  or  masses  of  black 
^leolite  tingudite  appear  which  are  very  well  characterized  and 
resemble  that  found  lower  down  on  the  west  side  of  the  same 
hill  and  already  described  (page  178). 

With  this  description  the  ^^  magic  circle  '^  about  Magnet 
Cove  is  completed  and  while  only  in  one  or  two  cases  has  a  de- 
tailed description  of  the  occurrence  of  the  rock  been  entered 
into,  it  is  hoped  sufficient  has  been  said  to  make  intelligible 
the  pctrographic  description  of  the  rocks  themselves  which 
follows  in  the  next  chapter. 

In  describing  those  dike  rocks  shown  on  the  Magnet  Cove 
map  as  lying  outside  of  the  Cove  ring  it  has  been  thought  best  to 
arrange  them  in  the  form  of  a  table  and  not  to  attempt  any  de-* 
tailed  description  of  them  in  this  place.  The  numbers  in  the 
table  refer  to  the  numbers  on  the  map  and  are  used  for  the  most 
part  only  for  those  dikes  which  can  be  represented  solely  by 
lines  and  whose  character  cannot  be  determined  from  the  color- 
ing of  the  map.     (See  Chapter  XIIL). 

Some  of  the  tingudite  dikes  lying  outside  of  the  Cove  need, 
however,  a  few  words  relative  to  their  occurrence  in  general  and 
as  this  matter  cannot  be  given  in  the  table  it  is  added  here. 
In  some  cases  these  dikes  are  not  noted  in  the  table. 

The  leucite  tinguaite  dike  cutting  across  Cove  Creek  about 
three  hundred  feet  (91m)  below  the  railway  bridge  extends  to 
the  west  across  the  south  end  of  the  small  hill  shown  on  the  map. 
About  301)  feet  (91m)  further  west  it  is  lost  in  the  Pleistocene 
i^iavel. 

Another  dike  (Chap.  XIII.,  dike  48)  of  similar  material 
iiegins  one-third  of  a  mile  (536m)  further  south  and  makes  nearly 
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a  quarter  of  a  circle  ending  at  the  foot  of  a  steep  ridge  covered 
with  novaculite  debris  and  not  far  from  the  section  line  betwe^ik 
sections  25  and  26.  (Dike  not  shown  on  the  Magnet  Cove  map. 
See  map  I.) 

Again  west  of  Teager  Creek  aboat  a  quarter  of  a  mile^ 
(400m)  west  of  the  curve  at  the  point  where  the  Hot  Springs, 
railroad  comes  nearest  to  the  east  and  west  line  of  sections  23 
and  26  a  similar  dike  (Chap.  XIII.,  dike  47)  appears  and  ex- 
tends to  the  north  until  it  intersects  the  Hot  Springs  railroad  at 
a  point  about  300  feet  (91m)  west  of  the  bridge  over  Teager 
Creek. 

The  rocks  of  these  dikes  are  of  a  greenish  color,  bat  some  of 
them  show  a  denser  and  more  compact  structure  than  the  others.. 
In  that  portion  of  the  last  mentioned  dike  which  lies  nearest  to 
the  railway  many  large,  flat,  tabular  feldspar  crystals  occur 
which  in  their  crystal  form  resemble  sanidine  very  closely. 
They  are  so  weathered  that  no  investigation  of  their  lustre,, 
optic  properties,  or  general  physical  characteristics  can  be- 
made. 


CHAPTER  VII. 

MlNEBALOGICy    PeTROORAPHIC   AND    ChEMICAL    CHARACTER-^ 
I8TICS  OF  THE  IgNEOUS   RoCK   FROM   MaGNET  CoVE. 


I.    Special  Petrographio  Literature. 

IL    Petrographio  Description  of  Feldapathic  Rocks. 

A.  Eleolite  Syenite. 

1.  Eleolite  mica  syenite  (Cove  type). 

2.  Eleolite  garnet  syenite  (Ridge  type). 

3.  Miarolite  eleolite  syenite. 

B.  Eleolitic  Dike  Rooks. 

1.  Eleolite  syenite  dike  rocks  (Diamond  Jo  type). 

2.  Eleolite  eudialyte  syenite  (pegmatite). 

3.  Eleolite  Porphyry. 

4.  Eleolite  Tlnguiiite. 

C.  Leuoitic  Dike  Rocks. 

1.  Leucite  Syenite  dike  rock. 

2.  Leucite  Tingul^ite. 

a.  Border  type. 

b.  Dike  type. 

IIL    Petrographio  Description  of  Augitie  Rocks. 

A,  Fourchite  Group. 

B.  Monobiquite  Group. 


I.     SPECIAL   PETROGRAPHIO   LITE^tATURE. 

Magnet  Cove  has  been  so  often  mentioned  in  connectioD^ 
with  the  minerals  that  occur  there  that  it  is  remarkable  that 
more  attention  has  not  been  paid  to  the  petrography  of  the  rocka 
in  which  and  through  whose  agency  these  miuerals  have  been 
formed.  As  it  is,  the  few  articles  reviewed  in  Chapter  II.  are 
the  more  important  of  those  which  have  been  published;  they- 
are  the  only  ones  which  have  any  direct  bearing  on  this  subjects 
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Some  of  these  papers  deserve  more  minute  attention  than  they 
there  received  and  consequently  this  section  has  been  devoted  to 
their  discussion. 

Featheratonhaugh. — From  Featherstonhaugh's    report  *    it 
appears  that  he  grasped  the  relation  of  the  igneous  to  the  sedi* 
mentary  rocks  in  so  far  as  their  relative  ages  are  concerned,  for 
he  says :     '^  From  a  careful  examination  of  the  different  portions 
of  this  most  interesting  cove,  I  came  to  the  conclusion  that  the 
whole  structure  of  this  elevation,  as  far  as  its  exterior  as  well  as 
its  interior   slopes  were  concerned,  was  ap  old  greenstone  be* 
longing  to  the  intrusive  rocks,  and  occupying,   for  a  limited 
space,  a  place  amidst  the  old  red  sandstone.      *      *      It  is  im- 
possible to  look  at  this  quasi-circular  brim  and  the  cove  below, 
and  take  into  consideration,  at  the  same  time,  all  the  minerals 
and  metals  found  there,  without  being  impressed  with  the  opinion 
that  it  is  the  result  of  a  very  remote  volcanic  action,  and  is, 
perhaps,  one  of  those  extremely  ancient  craters  that  may  have 
preceded  those  of  which  basalt  and  lava  are  the  products.''    Thad 
he     distinctly    speaks    of   the    rock     as    being    of    intrusive 
origin,    but    seems   to    have    been    impressed    with   the  idea 
that    the    cove    is    an   extinct  crater.       In   speaking  of  the 
rocks     which    he   found  in   the   interior  of  the  cove   he  says 
(p.   62) :        ^^  In     varipus     parts     of    the    bottom,    I    found 
large    masses   of    decomposing    felspar,    studded    with    black 
tourmalines,  f  some  of  which  were  in  long  prisms,  whilst  others 
formed  a  stellated  figure   of  beautifully  delicate  acicalar  rays. 
Some    of  the   feldspathic   rocks   were   filled   with   amorphous 
masses  of  white  sulphuret  of  iron,  believed  by  many  persons  to 
be   silver.       In   other    parts    of  the  cove  I  found   masses   of 
coarse  grained  syenite  consisting  of  red  felspar,  t  hornblende,  || 
mica,  and  some  quartz.''  §     He  then  describes  the  magnetic  iron 
ore  and  states  it  as  his  opinion  that  '^masses  of  the  metal   of 
^prodigious  extent"  exist  below  the  surface. 

*  Oeological  Report  of  the  Elevated  OouQtry  bei.  the  Missouri  mod  Bed  RiTers,  p.  63* 

t  Evidently  the  large  eeglrite  crystals  so  well  kooirn  Irom  this  locality. 

X  The  piok  eleoUle  of  the  eleolite  syenite. 

I  iEgirite  imbedded  In  the  rock. 

I  Yellow  eleolite  in  the  eleolite  syenite. 
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Powell. — In  a  foot  note  in  his  work  on  Fourche  Cove  *• 
W.  B.  Powell  writes  as  follows:  "From  specimens  I  have 
seen  from  the  Saline,  Magnet  Cove  and  Little  Missouri  (and^ 
other  similar  locations  may  exist  unknown  to  the  scientific)  I  am 
justified  in  concluding  that  this  formation  (granite  and  its 
immediate  associates)  with  slight  variations,  continues  southwest 
from  the  Fourche  Cove  a  hundred  or  so  miles," 

Shepard. — The  mention  made  by  C.  U.  Shepard  of  eleolite  f 
and  eudialytet  have  already  been  noted  under  the  general 
literature  and  are  important  as  being  the  first  recorded  identi-^ 
fication  of  the  mineral  eleolite  and  therefore  the  first  suggestion, 
of  the  existence  of  an  eleolite  syenite  in  this  region. 

In  a  foot  note  to  the  earlier  of  these  two  articles  Shepardi 
describes  from  Magnet  Cove  the  following  rock  which  he  re- 
ceived from  Rev.  E.  R,  Beadle  of  New  Orleans: — 

"  From  Magnet  Cove,  (Sec.  19,  3  S.,  17  W.).  A  ryakolite- 
porphyry  with  a  dark  green  basis.  The  rock  contains  little 
specks  of  a  rich,  azure  blue  mineral,  which  I  am  unable  at 
present  to  determine." 

Owen. — ^In   his    report  upon  the   Geology   of  Arkansas  |[' 
D.  D.  Owen  describes  Magnet  Cove  in  detail.      He   gives   the 
following  list  of  minerals  found  there  : — 

**  Black  garnets,  crystallized.  Iron      pyrites,     crystallized     and 

Green,   yellow   and    black     mica,  amorphous. 

crystallized.  Strontianite  ?   crystallized. 

Schlorlamite,  crystallized.  Arkansite,  crystallized. 

Quartz,  crystallized.  Elieolite,  crystallized. 

Ijydianstone.  Actinolite,  crystallized. 

Agate.  Epidote,  crystallized. 

Pyroxene,  crystallized.  Arragonite,  crystallized. 

Hornblende,  crystallized.  Talc. 

Magnetic  iron  ore.  and,  no  doubt,  many  other  minerals  exist  not  yet 
enumerated." 

Under  the  head  of  ^^most  prevalent  rocks'^  he  mentions : — ^ 
Novaculite.  Milky  quartz.  Hornblende  rock. 

Quartzite.  Chert.  **  porphyry. 

*  A  Oeologlcal  Report  upm  the  Fourche  Oove,  etc.,  p.  6. 

t  Am.  Jour.  Sd.,  Series  2,  Vol.  11.,  1846,  p.  249. 

;  Am.  Joar.  Set.,  Series  2,  Vol.  XXXVII.,  1864,  p.  405. 

I  SeooBd  Report  of  a  Oeologioal  Reconooissanoe  o!  Arkansas,  etc.,  p.  80^1. 
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Sienite.  Burntone.  Hornblende  atate. 

H3raDite.  KisBelschiefer.  Schorlamite  rock. 

He  mentions  the  magnetic  iron  pre  and  the  extremely  pure 
form  of  titanic  oxide  which  is  known  as  brookite  or  arkansite. 

Again,  on  pages  104  and  105  Owen  refers  to  Magnet  Cove 
and  describes  the  magnetic  iron  ore  more  in  detail  and  gives 
a  chemical  analysis  of  it.  (See  chap.  VII.  ii.  A.  1).  In  regard 
to  its  occurrence  he  says :  ''  The  lapping  of  the  arable  land  on 
the  margin  of  the  magnetic  iron  ore  conceals  its  relation  to  the 
adjacent  rocks ;  but  from  the  minerals  ploughed  up  in  the  fields 
on  the  south  and  southeast,  the  magnetic  iron  ore  seems  to  be 
surrounded,  in  part  at  least,  with  mica  slates.  Along  with  the 
large  flikes  of  this  mineral,  brought  to  the  surface  by  the  plough, 
are  beautiful  crystals  ofaugite,  and  black  garnets.  Adjoining 
the  flucan  of  mica  is  a  schorlamite  granite."     *     *     * 

^'A  short  distance  on  the  west  side  of  Cove  Creek,  on  the 
west  part  of  section  19,  a  heavy  vein  of  calc  spar  forms  a  low 
ridge,  twenty  or  twenty-five  feet  in  height.  This  calc  spar  can 
be  traced  400  yards  ;  and  adjoining  it,  especially  on  the  west,  a 
great  variety  of  minerals  can  be  found,  amongst  which  the  ores 
of  Titanium  are  the  most  interesting.  Still  further  to  the  west 
and  south,  difierent  varieties  of  granitic  and  augitic  rocks  prevail, 
succeeded  on  the  northwest  by  the  so-called  'Mountain  rock' 
passing  into  quartzite  and  novaculite.^' 

Foster. — In  1869  J.  W.  Foster  published  a  book  on  the 
physical  geography  of  the  Mississippi  Valley,  *  in  which  he 
mentions  the  rock  of  Magnet  Cove  in  a  general  way.  f  On  page 
255  he  states  under  the  heading  of"  The  Lake  Superior  System" 
the  following  theory:  ^'At  that  time,  the  Alleghanies  and 
Kocky  Mountains  had  not  assumed  their  form  and  direction,  and 
the  only  objects  which  rose  above  the  barren  waste  of  waters  to 
break  the  monotony  of  the   scene,   were  a  few  isolated  islands, 

*  The  MiDsissippi  Valley :  its  Physical  (Jeography,  inclading  sketches  of  Uie  topo- 
graphy, botany,  climate,  geology,  and  mineral  re:iources;  etc.,  by  J.  W.  Foster,  LL.  D., 
Chicago  (S  C.  Grigg*  and  Company),  1869. 

t  This  and  the  mention  of  the  "isolated  patches"  of  *'crystalliae  xx>cks'*  of  Foarche 
Cove  in  the  same  Tolu  me  should  have  been  noticed  in  Chapter  II.  on  generallitermture,  but 
Foster's  work  was  uol  seen  by  the  writer  until  after  that  chapter  had  pasted  throagh  the 
press. 
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like  the  Iron-Mountain  region  of  Missouri,  Magnet  Cove  of 
Arkansas,  and  perhaps  the  Washita  Mountains  of  Texas,  the 
Black  hills  of  Nebraska,  and  the  Central  Plateau  of  Colorado. 
No  form  of  vegetable  life,  at  that  time,  clothed  the  slopes  of  the 
hills,  no  forms  of  animal  life  roamed  through  the  valleys,  and 
even  the  waters  were  tenantless.  It  was  emphatically  a  petrified 
-continent,  rigid  and  stony. '^ 

In  a  foot-note  to  this  statement  Foster  writes :  ^^  This 
generalization  was  made  by  the  writer  (Foster)  as  far  back 
as  1851,  and  was  communicated  to  the  American  Associa- 
tion for  the  Advancement  of  Science,  at  the  Cincinnati 
Meeting  of  that  year.*'  * 

On  page  265,  under  the  head  of  "Azoic  System"  Foster 
-states :  ''  In  Missouri  and  Arkansas  there  are  isolated 
patches  of  these  rocks,  which  appear  to  have  been  islands  in 
the  old  Silurian  sea,  and  it  would  seem  that  portions  of  the 
region  occupied  by  the  Rocky  Mountains  served  as  the  floor 
of  the  Azoic  ocean,  on  which  the  purely  sedimentary 
-deposits  were  formed.'*     *    *    * 

Kunz. — In  1885  Geo.  F.  Kunz  read  a  paper  before  the 
American  Association  for  the  Advancement  of  Science  at 
the  Ann  Arbor  Meeting  f  on  "A  Pseudomorph  of  Feldspar 
^fter  Leucite  (?)  from  Magnet  Cove,  Arkansas/'  in  which  he 
describes  the  mineral  and  gives  the  results  of  a  chemical 
•analysis  by  Dr.  F.  A.  Genth  and  of  a  microscopic  examina- 
tion by  Dr.  G.  P.  Merrill.  These  examinations  will  be  re- 
ferred to  again,  but  the  point  which  is  of  importance  here  is 
the  inference  which  Kunz  draws  from  the  occurrence    of 

^Foster  does  not  >eem  to  hare  included  the  Magnet  Core  rocks  in  bia  earlier  state* 
meots  for  in  an  abstract  of  an  article  by  J.  W.  Foster  and  J.  D.  Whitoey  entitled  "  On  the 
Azoic  System,  as  dereloped  in  the  Lake  Superior  Land  Districi"  (Proc.  A.  A.  A.  S.,  Fifth 
Meeting,  1851,  p.  7)  the  following  sentence  appears  :  "  From  the  detailed  explorations  of  Mr . 
"Ch.  F.  Mersch,  communicated  to  them,  (Foster  and  Whitney)  and  which  they  proposed  noon 
to  publish,  there  could  be  no  doubt  that  tho  MlsMuri  iron  region  liclougedto  the  same  system 
of  upheaTal  (as  the  Lake  Superior  region),  and  occupied  the  same  relation  to  the  Silurian 
System."  In  this  article  Foster  makes  no  note  of  any  Azoic  region  south  of  the  Missouri  iron 
TCgion. 

t  Mineraloglcal  notes  by  Oeo.  F.  Kunz.,  Proc.  A.  A.  A.  S.,  Vol.  XXXIV.,  Ann  Arbor 
Jfeeting,  1SS5.    Salem,  Mass.,  1886,  p.  243.    Also  in  the  Am.  Jour.  Sci.,  Series  3,  Vol.  XXXI. 
i886,  p.  74. 
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these  pseudomorphs.  He  says:  '^Heretofore  leacite  has 
never  been  observed  in  this  locality,  but  if  this  proves  to  be  an 
alteration  from  that  mineral,  leucite  may  yet  be  foond  in  its 
unaltered  form  and  in  considerable  quantity,  judging  from 
the  abundance  of  pseudomorphs  forthcoming."  This  is  the 
first  suggestion  that  was  made  of  the  possible  occurence  of  a 
leucitic  rock  at  Magnet  Cove,  but  shortly  after,  in  the  year 
1887,  Rosenbusch  published  the  statement  already  quoted 
(page  17)  in  which  he  suggests  the  probability  that  the  leucitic 
rock  is  connected  with  the  eleolite  syenite  which  occurs  in 
that  region. 

Comatock. — Few  statements  are  made  by  T.  B.  Comstock* 
regarding  the  igneous  rocks  of  the  Cove,  but  he  mentions 
many  minerals  in  the  text  and  gives  a  list  at  the  end  of  the 
volume  in  which  the  occurrence  of  a  large  number  of 
minerals  in  this  region  is  recorded. 

II.      PETROGRAPHIC    DESCRIPTION   OF   FELDSPATHIC   SOCKS. 

A.    Eleolite  Syenite. 
1.     Eleolite  Mica  Syenite  {Cove  type). 

This  rock  in  a  fresh  coodition  seldom  occurs  over  a  large 
area,  but  it  is  almost  invariably  partially  or  completely  de- 
composed. In  a  few  places,  however,  where  it  has  been  some* 
what  protected  by  the  overlying  deposits  and  where  it  is  not  as 
coarsely  crystalline  as  usual  it  has  preserved  its  structure  and 
forms  a  beautiful  example  of  a  syenite  in  which  eleolite  has 
almost  completely  replaced  the  orthoclase. 

It  is  a  very  coarsely  crystalline  rock  in  which  the  individual 
minerals  often  reach  many  centimeters  in  size.  Thus  for  ex- 
ample weathered  specimens  of  biotite  (protovermiculite)  have 
been  found  which  are  20  to  30cm  (8  to  1 2  inches)  in  diameter  and 
8  to  10cm  (3  to  4  inches)  in  thickness.  Eleolite,  schorlomite 
and  apatite  crystals  which  correspond  in  size  to  the  protovermic- 
ulite also  occur  imbedded  in  the  decomposed  rock. 

The  rock  is  a  hypidiomorphic  granular  mixture  of  eleolite, 

*  Annual  Report  of  the  Geological  Survey  of  Arkansas  for  1887,  Vol.  I.,  pi>.  81  and  82« 
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garnet  (sohorlomite  and  melanite),  pyroxene  and  biotitCi  with 
large  quantities  of  apatite,  magnetite,  titanite  and  ilmenite*  It 
has  a  general  pinkish  color  with  dark  colored  spots  which  have 
a  greenish  hue  dae  to  the  pyroxene  and  slightly  decomposedi 
biotite.  As  has  already  been  stated  the  grain  of  the  rock  varieS' 
very  mnch,  ranging  from  exceedingly  coai*se  to  comparatively- 
fine,  bnt  the  rock  is  in  each  case  characterized  by  the  presence  of 
eleolite  and  biotite  and  by  the  almost  complete  absence  oi 
feldspar. 

In  regard  to  the  microscopic  structure  there  is  little  to  be 
said  for  in  most  cases  the  rock  is  too  decomposed  to  allow  of 
sections  being  made.  Sections  have,  however,  been  cut  from  the 
finer  grained,  dike-like  masses  in  which  the  physiography  of  the 
individual  minerals  could  be  studied. 

Eleolite  occurs  in  large  allotriomorphic  masses  which  only 
rarely  show  any  indication  of  a  crystalline  form.  It  varies  fronk 
a  flesh- red  to. an  oily  yellow  or  brown  and  not  infrequently 
assumes  a  decidedly  gray  color.  It  has  the  characteristic  oily 
lustre  from  which  the  mineral  derived  its  name  and  shows  the 
usual  want  of  distinct  cleavage. 

Microscopically  the  eleolite  is  seen  to  be,  in  most  cases, 
bounded  by  the  older  constituents  of  the  rook  but  in  a  few  cases 
it  is  idiomorphic  and  appears  as  short  hexagonal  prisms.  It 
weathers  easily;  in  fact  decomposition  has  in  most  cases  gone  so 
far  that  it  is  extremely  difficult  to  obtain  a  section  of  the  rock 
at  all. 

The  eleolite,  like  many  of  the  other  constituents  of  this 
rock,  occurs  in  loose  masses  in  the  soil.  Occasionally  rounded 
pieces  several  centimeters  in  diameter  have  been  found.  These 
masses  are  usually  of  a  pink  or  gray  color  and  are  translucent  to 
semi-transparent.  They  are  known  as  sun-atonea  and  have  beeo 
cut  for  ornaments. 

Eleolite  was  observed  at  an  early  date  at  Magnet  Cove  but 
all  the  earlier  writers  called  it  red  feldspar*  and  it  was  not 
until  C.  U.  Bhepard  saw  a  specimen  of  it  that  it  was  called  by  its 
right  name.    Shepard  in  a  foot  note  to  his  article  on  the  new 

*  Sm  FMUitntonluiaf  h'a  and  other  reports. 
14  Ctootogical;  Vol.  IL,  1890. 
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minerals  from  Magnet  Cove*  makes  the  following  statement: 
The  elffiolite  with  which  this  (schorlomite)  and  the  foregoiog 
species  (ozarkite  and  arkansite)  are  found,  and  which  had  been 
called  a  compact  red  feldspar,  is  a  remarkably  well  characterized 
variety ;  is  perfectly  fresh  and  unaltered,  forming  a  grayish 
flesh-red,  oily,  translucent  mineral.  Its  sp.  gr.=2.60.  H.=6.0. 
It  is  fusible  into  a  colorless  glass  and  in  a  state  of  powder  at 
once  forms  with  warm  nitric  acid,  a  flesh-colored  jelly. '' 

In  1853  J.  Lawrence  Smith  analyzed  the  eleolite  from 
Magnet  Cove  and  it  is  probable  that  his  material  was  obtained 
from  the  eleolite  mica  syenite.  Smith  describes  the  mineral  in 
tiis  articlef  as  having  a  hardness  of  6.0;  specific  gravity,  2.65; 
color,  flesh-red ;  lustre,  greasy ;  structure,  massive.  The  chem- 
ical composition  is  expressed  by  the  following  analysis : — 

Analysis  of  eleolite  {Smith  and  Brush,) 

SiO, 44.46 

AlA 30.97 

FeAanclFeO 2.09 

CaO 0.66 

K,0 5.91 

Na,0 15  61 

Ignition 0.95 

Total 100.66 

Smith  states  that  the  mineral  examined  was  furnished  by 
Mr.  Markoe,  of  Washington,  and  was  the  specimen  from  which 
the  ozarkite,  analyzed  and  described  in  a  previous  paper^,  was 
obtained. 

Orthoclase  occurs  in  much  decomposed  crystals  of  which  it 
has  been  impossible  to  study  the  microscopic  structure.  They 
«re  often  5  or  6mm  in  diameter  but  are  not  frequent  in  the  rock. 
They  are  older  than  the  eleolite  and  are  idiomorphic  as  regards  it. 
Biotite  appears  under  the  microscope  in  large  sections  and 
is  of  a  very  light  reddish  or  brownish  yellow  color  when  seen  in 
non-polarized,  transmitted  light.  The  color  is  not  uniformly 
distributed  over   the   whole  crystal  but  appears  in  spots  and 

«  Am.  Jour.  Set.  Series  2,  Vol.  II.,  1846,  p.  258. 

t  Re-examination  of    American    Minerals,    Part  III.,  by  J.  L.  SmiUi,  M.  D..  moA 
<}eorge  J.  Brush,  Ph.  B.     Am.  Jour.  Scl,  Series  2,  Vol.  XVI.,  1868,  p.  871. 

X  Re-  examination,  etc  ,  Pari  II.    Am.  Jour.  Sci.  Series  2,  Vol.  XVI.,  1868,  p.  80. 
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^totfihesi  a  peculiarity  probably  due  to  the  beginning  of  de- 
-compooition.  The  mineral  is  quite  pleochroitio  with  a  variation 
in  color  between  light  yellow  and  reddish  brown ;  the  darker 
-color  being  preMot^  as  nsual,  when  the  cleavage  cracks  of  the 
biotite  are  parallel  to  the  longer  diagonal  of  the  lower  nicol.  In 
<K)nvergent  polarized  light  a  black  cross  appears  in  sections 
which  are  approximately  parallel  to  the  cleavage-planes  and  in 
most  cases  the  cross  remains  closed  during  a  complete  revolution 
-of  the  stage.  In  some  instances  it  opens  slightly,  but  in  no  case 
has  an  angle  of  more  than  2^  or  3^  been  observed  between  the 
iiyperbolas. 

These  characteristics,  when  taken  in  connection  with  Dr. 
Konig's  analysis  of  protovermiculite^  which  is  formed  by  the 
^more  complete  alteration  of  this  mica,  indicate  that  the  mica  was 
originally  biotite.  This  may  be  more  clearly  seen  from  the  fol- 
lowing considerations  :  if  Konig's  analysis  be  recalculated  sub- 
stituting for  some  of  the  water  the  potassium  which  it  has  re- 
placed and  rejecting  the  rest  of  the  water  the  following  figures 

-result : — 

Analyses  of  fresh  and  decomposed  biotite. 


CONSTITUENTS. 


I. 


II. 


III. 


Protovormic- 

uiite, 
HiiigDet  Cove. 


No.  1.  recal- 
culated. 


Biotite. 
Mt.  Vesuvius. 


SIO2 

AlaO» 

Fei©. 

FeO 

MgO 

C«0.» 

K,0 

HaO  (cryht ) 

BaO  (bydr.) 

Total 


83.28 

14.88 

686 

0.57 

21.52 


3  86 

20.64 

100.51 


89.80 

17.80 

7.60 

0.70 

25.74 


8.36 


100.00 


39.75 

15.99 

8.29 


24.49 
0.87 
8.78 
0.75 


9d.92t 


*  Proe.  Acad.  ^at.  Sd.  Fbiladelpbia,  1877,  p.  277 ;  also  Am.  Jour.  8ci.  Series  8,  Vol. 
^VI.  1878,  p.  162. 

tlo  tbia  aDalysis  as  quoted  by  Dana  (1.  c.)  0.10  gangue  Is  noted  and  the  total  of  the 
«iudyalB  it  giTen  aa  98.62  while  it  should  be  99.02  if  the  constituents  are  all  correctly  quoted. " 
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I.  ProtovermiculUe  Magnet  Covo,  analyzed  by  Kdnig  (loc.  cit.)- 

II.  Protovermiculite  recalculated  as  described  above. 

III.  Blotite,  Mt.  Vesuvius,  analyzed  by  Bromeis.  (Pogg.  An- 
nalen,  Band  LV.,  p.  112.  Cited  from  Dana's  System  of  Mineralogy,  1868^ 
p.  305). 

It  is  evident  from  the  above  analyses  that  the  composition 
of  the  protovermiculite  becomes  that  of  a  normal  biotite  when 
these  recalculations  are  made,  as  is  shown  by  comparing  it  with 
an  analysis  of  biotite  from  Mt.  Vesuvius. 

The  biotite  in  the  solid  rock  is  usually  found  to  be  altered 
about  the  edges  and  to  have  become  greenish  in  color.  Soch  a 
change  of  color  without  any  alteration  in  the  optic  properties 
is  mentioned  by  Bosenbusch.*  It  is  seldom  that  the  crystals 
show  sharp  edges  but  they  are  usually  frayed  out  and  broken. 

Oamet  appears  in  this  rock  in  two  varieties.  The  older  of 
these  consists  of  small  idiomorphic  crystals  which  under  the 
microscope  show  a  zonal  structure  the  character  of  which  is  very 
distinctly  brought  out  by  the  strong  contrast  between  the  reddish 
brown  centers  and  the  light  yellow  exterior  bands.  These  alter- 
nations of  color  often  n  cur  several  times  in  one  crystal  and  hence 
it  is  seen  to  be  made  up  of  concentric  bands.  These  crystals  are 
melanite  in  which  varying  amounts  of  iron  and  titaniam  have 
caused  a  variation  in  color.  They  include  apatite  and  biotite^ 
but  are  idiomorphically  bounded  when  they  come  in  contact 
with  the  diopside  and  eleolite.  Like  all  the  garnets  observed  in 
these  rocks  they  show  no  optic  anomalies. 

The  garnets  of  the  younger  generation  are  entirely  without 
crystal  form  and  are  bounded  by  the  eleolite  as  well  as  the  di-^ 
opside  and  biotite.  They  are  of  a  very  dark  brown  color  and 
are  filled  with  inclusions  of  all  the  other  minerals.  They  are 
perfectly  homogeneous  and  show  no  zonal  structure  like  the  pre« 
ceding  variety.  From  their  deep  brown  color  and  their  want  of 
crystal  form  it  seems  probable  that  they  are  richer  in  titanium 
and  iron  than  the  melanite  and  belong  to  the  variety  schorlomite. 
They  fill  iu  the  spaces  between  the  other  minerals  and  it  is  not 
uncommon  to  find  them  in  direct  contact  with  the  melaoitei  ap* 
parently  forming  a  continuation  of  it. 

*  Phyiiographie,  Vol.  I.,  p,  485. 
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SchorlomUe  occurs  principally  in  the  large  rounded  masses 
associated  with  protovermiculite,  magnetite  and  other  minerals 
from  this  rock.  It  is  probable  that  these  masses  of  schorlomite 
had  their  origin  in  the  igneous  rock,  but  it  is  possible  that  they 
are  metamorphic  minerals  formed  by  the  contact  of  the  igneous 
rock  with  the  calcite  which  occurs  in  this  region.  (See  chap. 
VIII.  II.  B.) 

Schorlomite  forms  rounded  masses  of  a  bluish  black 
x^olor  and  is  characterized  by  its  want  of  crystal  form  and 
the  pavonine  tints  which  are  generally  present  on  its  surface. 
It  has  probably  never  been  found  in  crystals,  although 
Shepard  (see  below)  supposed  that  he  had  seen  such.  Zonal 
Btructure  and  concentric  shells  of  different  colors  or  shades 
are  often  observed.  The  rounded  masses  are  usually 
penetrated  by  apatite  prisms  and  occasionally  a  fragment  of 
a  mica  crystal  is  imbedded  in  one  of  them.  It  resembles 
very  closely  the  darker  varieties  of  melanite  which  occur  in 
this  region,  but  is  distinguished  from  that  mineral  by  its 
bluish  black  color  and  iridescence. 

The  mineral  was  first  described  in  1846  by  C.  U. 
Shepard  *  who  named  it  schorlomite  from  its  resemblance  to 
schorl  or  black  tourmaline.  Shepard  found  some  small 
i^rystals  which  he  considered  identical  with  the  massive 
material  which  he  had  had  tested  chemically  and  he  there- 
fore describes  schorlomite  as  follows : — 

"  Primary  form.     Rhomboid.    Dimensions  unknown. 

'^  Secondary  form.  Hexagonal  prism,  with  lateral  edges 
truncated  by  narrow  and  brilliant  planes.  Cleavage  indistinct. 
Fracture  conchoidal.  Surface  of  the  broader  planes  rather 
^ull,  of  the  narrower  ones  smooth  and  brilliant.  Lustre  vit- 
reous. Color  black.  Streak  grayish  black,  with  a  tioge  of 
lavender-blue.  Tarni^hed  with  blue  and  pavonine  tints,  thus 
<^au8ing  it  to  resemble  specular  iron,  (for  which  substance  it 
has  been  mistaken.)  It  also  resembles  some  varieties  of 
bluish  black,  massive,  or  imperfectly  crystallized,  tourmaline. 

"  Hardness=7.0  to  7.6.    Specific  gravity=3.862. '' 

*  Od  Thrae  New  Mineral  h'pecies  from  Arkansas  and  the  discovery  of  the  Diamond  In 
Korth  CaroHiia  bj  C.  U.  Shepard,  Am.  Jour.  Sci.,  Series  2,  Vul.  II.,  1846,  p.  249. 
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From  a  qaalitative  chemical  examiaatioQ  Shepard  cod^ 
eluded  that  the  mineral  contained  ''silicay  yttria,  thorina  (?)». 
oxide    of   iron   and    water^    and  no   oxide    of   ceriam   or 
lanthanum.^'    He  suggests  that  the  mineral  approaches  in 
some  of  its  properties  allanite  and  gadolioite  bat  is  suffi- 
ciently different  to  deserve  a  new  name.     Shepard  states, 
that  the  mineral  occurs  in  a  specimen   containing  ozarkite 
and  that  the  crystals  are  very  minute,  but  that  large,  rough 
pieces  of  it  occur  with  the  large  eleolite  masses  and  that  the- 
former  are  often  penetrated  by  the  gangue  until  in  some 
cases  less  than  half  the  crystal  consists  of  the  pure  mineral. 

Id  1849  two  papers  appeared  independently,  both  show- 
ing that  Shepard's  idea  of  the  chemical  constitution  of  the- 
mineral  was  incorrect.  C.  Rammelsberg's  paper  was  en- 
titled '*  Ueber  die  Zusammensetzung  des  Schorlamits  *  eines. 
neuen  titanhaltigen  Minerals.''  f 

He  reviews  Shepard's  description  of  the  mineral  and 
then  gives  two  analyses  which  are  as  follows  : — 

Analyses  of  sohorlomite.     {Rammelsberg), 


CONSnTUBBTS. 


SiOa 

TlOa 

FeO 

CaO 

Mg© 

Total 


a. 


27.85  (+TlOa) 

26.09 

15.S2 

1786 

28.75 

22.88 

82.01 

81.12 

1.52 

1.56 

100.45 


b. 


98.95 


He  states  that  titanite  which  contains  this  quantity  of* 
titanium  only  contains  half  as  much  silica  and  a  quarter  aa 
much  lime. 

J.  D.  Whitney's  paper  was  entitled  '' Examination  of 
three  new  mineralogical  species  proposed  by  Prof.  C.    U. 

«  Kammeleberg  changed  the  tpelliDg  from  schorlomite  to  sehorlamite,  probahlf  at  fini 
unintentionallj.  Quenitedt  (Handbueh  der  Mineralogie,  8  Anflage,  1877,  p.  440)  follove  Raa^ 
melsberg's  spelliag,  but  NaumaDo-Zirkel  and  most  other  Germao  and  Eoglith  aatboxa  follow 
theRptllingof  Shepard, 

t  Pogg.  Add.  Baud  LXXVn.,  1849,  p.  128. 
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Shepard.'^  *  Whitney  remarks  that  there  are  evidently  two 
varieties  of  schorlomitey  one  colophonite  and  the  other  an 
amorphous  mineral.  He  gives  his  attention  especially  to- 
the  latter  and  describes  it  as  follows: — 

**  Specific  gravity  3.807 ;  hardness  7.5. 

'^  Black,  opaque,  vitreous,  tarnishes  with  pavonic  tints; 
conchoidal  fracture.  '^  The  mineral  was  analyzed  by  him  in 
connection  with  Mr.  Crossley  with  the  following  results : — 

Analyses  of  schorlomite.     {Whitney  and  Crossley). 


OOIVSTITUKICTS. 
SiOg MM. ..«•••.< 

TiO, M. 

Fe.0«(Mn0) 

r«o 

ToUU 


a. 

b. 

27.89 

25.M 

ao.48 

22.10 

81.90 

21.08 

80.06 

29.78 

100.27 

99.12 

0. 


25.14 


•••••«••••••••• 


Whitney  states  that  he  does  not  believe  that  this 
mineral  is  schorlomite  and  suggests  for  it  the  name  ferro-- 
tUanUe.  He  mentions  the  similarity  of  its  constitution  to 
that  of  titanite  and  of  lime-iron  garnet. 

An  analysis  which  was  first  published  in  1850  in  the 
third  edition  of  Dana's  Descriptive  Mineralogy,  f  was  made 
by  Crossley  and  is  as  follows : — 

Analysis  of  schorlomite.     ( Crossley). 

810,  (-fTlOj) 26.36 

TiO, 21.56 

Fe,0, 22.00 

CaO 80.72 

MgO 1.25 

MnO Trace. 

Total 101.89 

In  1851  Rammelbberg  published  a  second  paper  entitlecF 
^'Mineral  Analysen — Schorlamit — "X  in  which  he  reviews  bis- 
first  paper  and  that  of  Whitney  and  gives  in  full  his  first  analyses- 

•  fiMton  Jonnifti  of  Natural  History,  Vol.  VI.,  1849,  p.  42. 

t  Dcaeriptlf  6  Mineralogy  by  J.  D.  Dana,  Third  Editioo,  1890,  p.  692. 

{Fon-  Add.  Band  LXXXV.,  1852.  p.  800. 
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and  those  of  Whitney  and  Crossley.  He  had  in  his  first  analyses 
considered  all  the  iron  as  protoxide  while  Whitney  and  Crossley 
considered  it  all  sesqaioxide.  Bammelsberg  made  a  new 
determination  by  smelting  the  mineral  with  borax  glass  in  a 
closed  vessel  with  gold  chloride.  He  obtained  the  following 
jresalts : — 

Analysis  of  schorlomUe.     {Rammelsberg). 

8IO,(dlf.) 25.24 

TiOa 22.84 

Fe,0, 20  11 

FeO 1.57 

CaO 29.58 

MgO 1.86 

ToUl 100.00 

Specific  gravity,  3.827. 

He  then  obtained  approximately  the  same  formula  as  that  found 
by  Whitney. 

In  1851  Whitney  published  another  paper  entitled  '^Analy- 
ses of  C.  U.  Shepard^d  new  minerals.^'*  In  this  he  gives  no  new 
analyses  and  simply  reiterates  the  statement  that  as  the  mineral 
which  he  analyzed  differs  so  greatly  from  that  described  by 
Shepard  it  should  be  called  ferrotitanite  and  that  the  name 
schorlomite  should  be  reserved  for  the  real  ''hydrous  silicate  of 
yttria,  thorina  and  oxide  of  iron," 

Phillips  Mineralogy  of  1852t  under  the  heading  "Schorl* 
omite — Ferrotitanite;  Whitney,"  makes  the  following  statement: 
''  This  mineral  differs  much  iu  external  characters  and  in  chem- 
ical composition  from  the  mineral  described  by  Prof.  Shepard 
as  schorlomite." 

In  1877  KnopJ  analyzed  the  schorlomite  from  Magnet  Cove 
with  the  following  results : 

Analysis  of  schorlomUe  {Knop), 

SiO, 26  10 

TiO, 20.52 

FeA 21.95 

CaO 29.35 

MgO 1.47 

Total 99.39 

■"Proc.  Bo8»oo  Soc.  of  Nat.  Hist.,  Vol.  III.,  1851,  p.  96. 

t  Elementary  IntroducU  »n  to  Mineralogy  by  the  late  Wm.  PhiUipe— New  Edition  by 
e.  J.  Brooke  and  W.  U.  Miller;  Londoo,  1852,  p. 297. 
X  Zclt,  far  Kryst.,  Band  I.,  1877,  p.  68. 
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He  states  that  in  the  specimens  from  Magnet  Cove^  Ark., 
it  ocoars  intergrown  with  melanite  and  can  easily  be  mistaken 
for  it. 

Rammelsberg  states  *  in  reference  to  Enop's  analysis  that 
it  is  very  similar  to  his  own  and  that  if  part  of  the  TiOj  is  con- 
sidered as  Ti^O,  an  atomic  relation  similar  to  that  of  garnet  is 
obtained. 

It  is  evident  from  the  numerous  analyses  and  descriptions 
reviewed  above  that  a  great  difference  of  opinion  has  existed  in 
regard  to  the  composition  and  properties  of  schorlomite.  This 
is  in  a  great  measure  due  to  the  lack  of  similarity  in  the  material 
examined  by  the  various  authors.  Melanite  resembles  schorlom- 
ite very  closely  and  is  frequently  intergrown  with  it  so  that  in 
some  cases  a  mixture  of  these  two  minerals  and  in  other  cases 
the  pure  schorlomite  was  analyzed. 

It  is  evident,  however,  from  the  above  analyses  that  a  silicate 
of  titanium,  iron  and  lime  having  approximately  the  garnet 
formula,  B.^"{R2'')Sifiii^  exists  and  is  found  in  considerable 
quantities  at  Magnet  Cove,  but  that  this  mineral  is  often  more 
or  less  mixed  with  the  iron-lime  garnet,  melanite. 

Pyroxene  appears  under  the  microscope  as  the  light  green» 
almost  colorless,  non-pleochroitic  variety  diopside  already  de- 
scribed in  several  instances.  In  this  rock  it  is  precisely  identical 
with  that  described  later  under  eleolite  garnet  syenite.  (See 
this  chapter,  ii.  A.  2). 

Titanite  occurs  in  small  sulphur-yellow  crystals  which 
seldom  exceed   two   or  three  millimeters  in  diameter.     These 


Fig.  11.    TitaniUfrom  ekolUe  miea  tytnite  {Cove  type).     Scale— 30:1. 

are  exceedingly  brilliant  and  have  a  very  sharply  defined  crystal 

*  Hmndbuch  der  Mineralchemie,  1873,  Ergftozaiigsheft  zur  zfreitah  Aaflage,  1886,  p.  201. 
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form.  They  are  nearly  eqaally  developed  in  the  direotioos  ef  the 
vertical  and  ortho-axes  bat  are  somewhat  thinner  io  the 
direction  of  the  clino-axis.  They  are  quite  unlike  those  de- 
scribed by  Genth  from  the  eleolite  eudialyte  syenite  (See  this 
chapter,  II.  A.  4).  One  exceptionally  perfect  crystal  (Fig.  11) 
bounded  by  the  faces*  P=OP(001);r=Pdb  (011);n=f  P^  (123) 
y=-\-P6b  (101)  and  <=— 2P^  (121)  gave  the  following  angles 
when  measured  upon  a  reflection  goniometer  : — 

MecuuremerUs  of  tiianite  angles. 


Measored. 

Calculated^ 

n  :  y  —  (123)  :  (lOl)   — 

88°  20' 

38°  16' 

n  :  t   —  (123)  :  (121)   — 

71    22 

71     20 

y  :  p  —  (101)  :  (001)    — 

59   56 

60  17 

r  :  y  —  (Oil)  :  (101)    — 

65    25 

65  30 

r  :  n  —  (Oil)  :  (123)    — 

27   05 

27   14 

r  :  t  —  (Oil)  :  (121)   — 

44    17 

•  •  •        •  •  • 

In  thin  sections  this  mineral  behaves  as  usual  and  requires 
no  special  mention. 

Ilmenite  appears  with  jagged  and  irregular  contours  in  very 
large  crystals.  It  generally  shows  a  purplish  color  with  the 
characteristic  bands  of  a  lighter  shade  running  through  it.  In. 
these  rocks  it  seldom  shows  a  border  of  leucoxene  which  would 
naturally  be  expected  to  appear  strongly  marked  on  account  of 
the  decomposition  which  has  occurred. 

Magnetite  occurs  frequently  ingrains  and  in   crystals  but  is. 
much   more   plentiful   in    some   localities  than  in  others.     The 
occurrence  of  magnetite  in  the  form   of  lodestone  has    already 
been  mentioned  and  the  connection  of  the  latter  with  the   mag- 
netite in  this  rock  has  been  explained  in  the   preceding   chapter 
(p.  180).     The  lodestoue  has  been  known  from  the  earliest  times 
and  was  mentioned  by  both  Schoolcraft  and  Bringier  and   it    is. 
from  this  mineral  that  the  locality  received  its  name   of  Magnet 
Cove.     It  has  been  mentioned  by   all  who   have   described   the 
cove  and  many  of  the  writers  have  supposed  it  to  be  merely  the 
outcrop  of  an  enormous  subterranein  depisi^  of  iron  ore. 

«  The  position  in  which  the  cryiiUl  is  placed  is  that  suggeated  bj  G.  Bom  Mid  adopted. 
bf  NaumaoD,  Bauer,  Roaenbusch,  etc.,  and  not  that  of  Des-Ololieaux  which  b  faUowed  by 
Schrauf,  Dana,  etc. 
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Ov^en*  says  of  the  magnetite:  "  On  the  east  part  of  BectioQ 
20,  there  is  a  great  bed  of  magnetic  iron  ore,  some  of  which 
exhibits  polarity.  It  is  not  exposed  in  a  high  hill  or  mountain, 
as  in  Missouri,  but  is  oa  the  same  level  with  the  cultivated  fi  ;lds- 
adjoining,  occupying  a  superficial  area  of  the  immediate  surface 
of  about  eight  acres ;  the  ground  over  this  area  being  exclusively 
covered  with  fragments  and  blocks  of  magnetic  iron  ore  occas- 
ionally mixed  with  lodestone.  Beneath  the  surface  it  extends- 
to  an  unknown  depth.  It  has  been  penetrated  from  four  to  five 
feet  without  finding  any  change  of  the  miterial,  except  that  the 
lodestones  seem  to  be  more  abundant  on  the  surface. 

''  An  analysis  has  been  made  of  the  magnetic  iron  or& 
with  the  following  result : 

Analysis  of  lodestone.     {Owen)^. 

peroxide  of  Iron  (FoaO,)  f. ■ ^.  67.20 

PiDtoxide  of  iron  (FeO) ^ 24.46 

Alaminm  ^AlaO,) .^ ^ 0.45 

Manganeto  (MnO) ^ 0.80 

limt,  magnesia  and  loss.. ^„  2.19 

Tllan:c  add  (TiO,) . 1.20 

Moisture  (H.O)  .....^ 1.00 

Insolable  matter.. 8.20 

Total lOO.OO 

^'  The  lapping  of  the  arable  land  on  the  margin  of  the 
magnetic  iron  ore  conceals  its  relation  to  the  adjacent  rocks; 
but  from  the  minerals  ploughed  up  in  the  fields  on  the  south 
and  southeast,  the  magnetic  iron  ore  seems  to  be  surrounded, 
in  part  at  least,  with  mica  slates.  Along  with  the  large 
flakes  of  this  mineral,  brought  to  the  surface  by  the  plough, 
are  beautiful  crystals  of  augite,  and  black  garnets. " 

Comstock  X  suggests  that  the  magnetite  may  be  due  to- 
the  reduction  of  a  limonite  similar  to  that  occurring  nearly 
due  north  of  Magnet  Cove  at  Blocher. 

The  masses  of  lodestone  arc  of  a  dull  black  or  brown 

^Second  Report  of  a  G«ologlcal  R- connoissance  of  Arkansas,  etc.,  p.  104. 
t  The  syabols  aod  heading  are  not  glreu  io  the  original  analysis. 
X  Vol.  1.  of  the  Annual  Report  of  the  Geological  Sanrey  of  Arkansas  for  18S7,  p.  82,  also^ 
|r.2i8. 
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color  and  their  sarfaces  are  usaally  smooth  and  roanded  and 
not  infrequently  show  the  so-called  **blisters"  or  botryoidal 
protuberances.  These  resemble  externally  small  air  bubbles 
inclosed  within  the  mass,  but  they  are  solid  and  of  uniform 
aubstance  with  the  rest  of  the  mineral  and  were  formed 
by  an  unequal  weathering  of  the  surface.  The  mineral 
has  a  conchoidul  fracture,  metallic  lustre  and  black  color. 
It  is  strongly  magnetic  and  in  most  cases  polarized.  In 
some  specimens  the  magnetism  is  strong  enough  to  hold 
up  four  shingle  nails  irl  a  line. 

The  lodestone  appears  to  be  without  any  crystal  form  of  its 
own.  Specimens  of  lodestone  have  been  found  which  present 
somewhat  the  appearance  of  pseudomorphs  after  pyrite  but  in 
DO  case  could  this  apparent  similarity  be  substantiated  by 
crystallographic  measurement. 

One  piece  of  lodestone  showed  a  pseudomorphic  crystal 
imbedded  on  one  side.  The  crystal  is  of  a  long  columar  form 
and  shows  distinct  though  imperfect  truncations  at  both  ends. 
The  prism  facen,  it  such  they  be,  make  an  angle  of  about  123^ 
with  each  other  and  show  the  existence  of  a  pinacoidal  face 
between  them.  The  crystal  is  40mm  long  and  presents  the  ap- 
pearance of  a  pseudomorph  of  magnetite  after  hornblende. 

In  order  to  determine  whether  or  not  phosphorus  was 
present  in  considerable  quantities  in  the  lodestone  a  test  was 
made  by  the  chemist  of  the  Survey  upon  1.5  grams  of  the 
mineral.  No  precipitate  nor  even  coloration  with  ammonic 
molybdate  was  observed  and  it  may  therefore  be  assumed  that 
the  lodestone  is  free  from  phosphorus. 

Pyrite  occurs  in  considerable  quantities. 

Apatite  occurs  in  two  forms ;  first  in  large  hexagonal 
<;olumn8,  often  as  much  as  15cm  in  length  and  2.5cm  in  diameter, 
of  a  pure  white  or  slightly  yellowish  color.  The  prism  faces 
{lOlO)  are  generally  sharp  and  well  defined,  but  with  the  ex- 
ception of  an  indistinct  pyramid  (1011)  and  the  basal  plane 
^0001)  no  truncations  were  observed  about  the  ends  of  the  prin- 
cipal axis.  These  large  prisms  are  often  found  penetrating  the 
43chorlomite  and  magnetic  iron  ore.    The  second  variety  consists 
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of  a  mass  of  fioe  needles  in  radiate  groups.  These  form  masses 
imbedded  in  the  schorlomite  and  eleolite  and  were  at  one  time 
mistaken  for  Shepard'is  ozarkite.  * 

The  writer  made  a  partial  analysis  of  this  radiate  mineral 
in  order  to  determine  whether  it  was  a  chlorine  or   fluorine: 
apatite,  with  the  following  results  : — 

Analysis  of  apatite. 

CaO 54.55 

PA 42.00 

Fl  (by  dif.) 4.16 

CI 0.02 

FeA+AljOs 0.61 

Ignition 0.42 1 

Sum 101.76 

Oxygen 1.76 

Total 100.00 

Although  this  analysis  makes  no  claim  to  great  accuracy  it 
is  evident  that  the  mineral  in  question  is  a  pure  fluorine 
apatite. 

TTiomsonite  {Ozarkite)  was  first  announced  from  Magnet 
Cove  by  C.  U.  Shepard  in  1846  and  described  by  him  under  the 
name  ozarkite  in  a  paper  entitled  ''On  three  new  Mineral 
Species  from  Arkansas  and  the  Discovery  of  the  Diamond  in. 
North  Carolina."  I  The  material  was  obtained  from  the  Rev. 
E.  R.  Beadle,  a  resident  of  New  Orleans,  who  collected  it  during 
a  journey  through  the  Hot  Springs  region.  Shepard  gave  the 
name  ozarkite  to  this  mineral  because  he  supposed  Magoet 
Cove  to  be  situated  in  the  Ozark  Mountains.§ 

*  S«e  Am.  Jour.  Sci.,  Series  2,  Vol.  IX.,  1850,  p.  430. 

f  BegardlDg  the  determination  of  water  by  igDition  when  fluorine  is  present  compare 
*'  Ueber  die  Zuaammensetzung  des  Apatlis"  Inaugural-Dissertatioa  von  J.  L.  Hoskyna- 
Abrahall,  Maochen,  1889,  p.  6. 

t  Am.  Jour.  Sci.,  Series  2,  Vol.  II.,  1846,  p.  249. 

I  Thia  la  a  very  common  error  made  bj  people,  both  In  and  out  of  the  state,  but  it 
ahould  be  diatlnctlj  understood  that  the  Ozark  Mountains  constitute  a  range  of  mountains  in 
■onthem  Misaonri,  but  which  also  extend  into  the  northern  part  of  Arkansas.  The  name 
Ocark  Moantaina  has,  however,  occasionally  been  applied  to  the  mountains  about  Hot  Springa 
and  it  la  to  thia  nae  of  the  name  that  the  ooof  uiion  is  due. 


"222  ANNUAL  RKPOKT  8TATB  OBOLOOIBT. 

Shepard  describes  the  mioeral  as  follows: — 

''  Massive.    Composition^  laminae  (confused)  nearly  impalpa- 
hie.     Fracture  uneven. 

*^  Lustre  feeble,  vitreous  to  resinoas.  Color  white  (rarely 
*biuish)  to  flesh-red.     Streak  white.     Translucent. 

"  Brittle.     Hardness  4.5.     Specific  gravity,  2,746. '' 

He  then  describes  it  behavior  before  the  blowpipe  and 
fnentioDS  that  it  dissolves  freely  in  hydrochloric  or  nitric  acid 
without  effeivescence,  but  forms  a  deposit  of  silicic  acid.  He 
fays,  '^  It  appears  to  be  a  siliceous  hydrate  of  lime  and  yttria 
possibly  also  having  traces  of  thorina. ''  He  describes  its  oc- 
currence in  the  following  words:  '^  It  occurs  diffused  in  irregu- 
lar veins  and  ovoidal  masses  (about  one-fourth  of  an  inch  in  di- 
ameter) through  a  flesh-colored  elseolite,  from  which  mineral 
however,  it  is  constantly  separated  by  a  thin  layer  of  red  jasper- 
like substance,  which  is  obviously  distinct  from  the  two  minerals 
it  tends  to  separate;  and  may  itself  be  an  undescribed  species.  " 

In  1849  J.  D.  Whitney  published  an  article  on  C.  U.  Shep- 
ard's  new  minerals*  in  which  he  mentions  ozarkite  and  states 
that  it  does  not  contain  yttria  and  thorina  but  is  a  silicate  of 
alumina  and  lime  with  a  little  soda  and  is  probably  scolecite. 

J.  D.  Dana  in  1850  published  a  note  '*0n  the  Ozarkite  of 
Shepard^t  in  which  he  mentions  Whitney's  discovery  of  its 
likeness  to  scolecite  and  then  says  that  several  specimens  were 
examined  by  G.  J.  Brush  and  were  found  to  consist  largely  of 
phosphate  of  lime.  He  sayp,  "  They  have  often  the  radiated  ap- 
pearance of  a  zeolite  with  acicular  crystallizations;  but  after  Mr. 
Brush's  discovery  of  phosphoric  acid  the  writer  (Dana)  found  by 
means  of  a  glass  that  the  acicular  prisms  were  in  fact  hexagonal 
prisms  of  apatite.  Oiher  large  prisms  were  also  found  in  some 
specimens.  The  acicular  mesotype-like  mineral  is  associated 
with  another  of  a  mealy  character  and  in  part  sub-lamell&r, 
which  may  be  a  zeolite  as  observed  by  Whitney. " 


^  Jour.  Boston  Soc.  Kat.  Hlstorj,  Vol.  VI ,  1849,  p.  42,  and  alio  Ut«r  in  Proc  Boston 
■Soc.  Kat.  History,  Vol.  III.,  1851,  p.  96. 

t  Am.  Jour.  Sci.  Serhs  2,  Vol.  IX.,  1850,  p.  430. 
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In  1851  under  the  head  of  Mineralo^ical  Notices*  Dana 
published  a  note  stating  that  Prof.  Shepard  had  re- examined 
t>zarkite  with  the  following  results  f: 

Analysis  of  Ozarkite  {Shepard,) 

8iO,. 40.91 

Al,0, 16.76 

Ca,(PO,), 4.17 

CaO 4.62 

H,0 1.6.10 

He  remarks  that  this  removes  the  mineral  from  scoleeite 
with  which  Whitney  wished  to  unite  it.  Dana  says  that  the  re- 
sults of  Brush,  Whitney,  and  Shepard  are  too  widely  difierent  to 
indicate  that  any  simple  mineral  wa^  examined. 

Two  years  later  J.  Lawrence  Smith  and  George  J.  Brush 
published  a  paper  entitled,  *'  Be-examination  of  American  Min- 
^ral?.  Part  II,  "  X  and  under  the  sub-head  '^  Ozarkite  an  Amor- 
phous Thomsonite "  they  show  that  the  mineral  in  question  is 
truly  a  zeolite  and  that  it  had  been  confused  with  apatite  in  the 
determinations  that  had  been  made.  They  state  that  the  material 
for  their  analysis  was  obtained  from  Mr.  Markoe  and  that  the 
substance  occurs  in  veins  and  masses  in  eleolite.  They  give  its 
"Color  as  white;  structure,  granular  to  compact;  hardness,  6; 
specific  gravity,  2.24  (Shepard),  and  state  that  it  gelatinizes  with 
fiCl.     Two  analyses  gave  the  following  results : — 

Analyses  of  ozarkite  {Smith  and  Brush). 


CONSTITUENTS. 

• 

a. 

b. 

Theoretical. 
RSIO4  +  8A1,  SiOs  +7H,0. 

SiOa- „ 

Al.O, 

FCaOt .M.... • 

C»0.- 

86.85 
29.42^ 

1.55; 
18.95 

3.91 
18.80 
99.48 

87.08 

31.13 

18.97 

8.72 

18.80 

99  70 

87.80 
81.50 
13.00 

Na,0 

HaO 

4.80 
12.90 

100.00 

«  Am.  Jour.  SeL  Series  2,  Vol.  XII.,  1851,  p.  218. 

tProc.of  Am.  An.  Adr.  Sci.  4th  Meeting.    Held  at  New  HaTeo,  p.  822  (Cited  after 
.  Jour.  SeL,  loc.  olt.). 

t  An.  Jour.  Sd.  Series  2,  Vol.  XVI.,  1868,  p.  50. 
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This  is  the  same  composition  as  that  of  thomsonite  and  the^ 
mineral  was  considered  as  a  massive  variety  of  that  speoies. 

The  analysis  gave  the  formula : — 

RSiO.+SAl,  SiO.+TH^O. 

A  special  examination  was  made  for  phosphoric  acid  bni 
none  was  found  although  some  of  the  impure  material,  which 
had  been  previously  analyzed,  showed  considerable  quantities  of 
it  and  proved  to  be  a  mixture  of  the  zeolite  with  apatite. 

In  the  continuation  of  that  paper  (ibid.  p.  371)  under  the 
head  of  eleolite  the  statement  is  made  that  good  radiated  crystal- 
lizations of  ozarkite  (thomsonite)  in  eleolite  had  been  obtained. 

It  is  evident  from  the  above  quoted  opinions  and  analysea 
that  much  confusion  has  existed  in  regard  to  what  ozarkite  really 
is,  and  it  is  evident  that  Brush  in  his  first  determination  of  the 
mineral  in  which  he  found  phosphoric  acid  had  before  him  one 
of  the  radiations  of  apatite  already  described  (p.  220).  It  was, 
however,  showo  soon  after  by  Smith  and  Brush  that  the  mineral 
is  really  a  zeolite  which  should  originally  have  been  identified 
with  thomsonite  and  not  made  a  separate  species. 

The  large  white  rectangular  columnar  crystals  which  are 
fouod  near  this  locality  (Chap.  VII.  ii.  B.  2)  are  natrolite  aod 
not  thomsonite  (ozarkite)  as  is  often  supposed.  The  writer  has 
not  seen  crystallized  thomsonite  from  this  locality. 

Protovermiculite  was  one  of  the  first  minerals  observed  and 
recorded  from  Magnet  Cove.  Schoo'crafl  *  mentions  mica  as 
being  found  at  "  Hot  Springs  of  Washitaw*'  and  describes  it  as 
follows,  **the  lamina  are  very  small,  extremely  flexible,  of  a 
greenish  yellow  colour  and  admitting  very  little  light  through  their 
broader  faces."  This  is  precisely  the  description  of  the  proto- 
vermiculite from  Magnet  Cove,  but  no  such  material  occurs  at 
Hot  Springs  and  therefore  must  have  been  carried  there. 

Bringier*  says  of  this  mineral:  ^' Above  the  ore  (lode- 
stone)  and  not  one  hundred  yards  ofl,is  an  extensive  bed  of 
common  talc  (mica?  Editors  of  Am.  Journal  Sci.)  ;  the  leaves 
are  of  an  extraordinary  size,  not  less  than  five  inches  by  seven.'* 


*  A  View  of  the  Lead  Mine^  of  Missoari,  etc.,  p.  190. 

*  Am.  Jour.  Sci.,  Series  1,  Vol.  III.,  1821,  p.  26. 
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K<>nig  *  was  the  first  to  analyze  and  accarately  describe 
this  miDeral  and  from  its  general  similarity  to  vermiculite  he 
called  it  protovemiiculUe.  He  described  the  mineral  as  occarring 
in  large  foliated  plates  and  smaller  prismatic  crystals  associated 
with  apatite  and  black  garnet.  The  structure  is  strongly  mica- 
ceoas,  optically  biaxial  and  probably  monosymmetric.  The 
angle  of  the  optic  axes  is  very  small.  Thin  laminte  are  flexible 
but  not  elastic.  Color  grayish  green  in  interior  of  the  plate  but 
becomes  yellowish  silvery  to  bronze  on  the  outside.  Lustre 
submetallic.   Touch  somewhat  unctuous;    Specific  gravity  2.269. 

Konig's  analysis  has  already  been  cited  (page  211)  but  is  here 
repeated. 

Analysis  of  protovermiculUe»     (Konig). 

SiO, 33.28 

110, Trace. 

AlA 14.88 

FeA 6.3(J 

FeO 0.57 

MnO Trace. 

MgO 21.52 

H,0 8.36 

H,0  (Hydroscopic) 50.54 

Total 100.51 

There  is  little  to  be  added  to  this  description.  The  only 
additional  points  of  interest  which  have  occurred  to  the  writer 
are  the  facts  that  the  plane  of  the  optic  axes  is  the  symmetry 
plane  (010)  and  that  the  plates  of  mica  are  often  forced  apart  by 
thin,  lens*shaped  masses  of  calcite  formed  from  the  decomposi- 
tion of  the  mineral  itself. 

CanGriniie  is  plentiful  along  the  cracks  of  the  eleolite  but: 
is  of  a  secondary  nature. 

Calcite  occurs  in  considerable  quantities  in  the  more  decom- 
posed rock. 

The  order  of  crystallization  of  the  various  minerals  is  as 
follows : — 

•ProtoTcnnicuIltfl,  m  ntw  mlncnl  species  by  G.  A.  Konlg,  Proc.  Acad.  Nat.  Sci.  ol 
PhiU.,  1877,  p.  267. 

15  Geological;  Vol.  ii.,  1S90. 
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Iron  ores,  apatite,  biotite,  melauite,  diopside,  orthoclase, 
eleolite,  schorlomite. 

Chemical  Composition. — The  eleolite  mica  syenite  was 
analyzed  by  the  writer  and  gave  the  following  composition,  show- 
ing that  it  is  distinctly  different  from  the  Diamond  Jo  and 
allied  rocks  to  be  described  later. 

Analysis  of  light  colored  eleolite  mica  syenite, 
SiO, 38.93 

xc) /  I 

AlA 15.41     \  26.37 

FeA 6.10    i 

FeO 4.24    j 

Fe8,  0.89 

CaO 16.49 

8rO Trace. 

MgO 5.57 

MnO Trace. 

K,0 1.78 

Na^O 5.27 

Li^O Trace. 

CI 0.02 

P2O5 0.35  * 

SO3 0.00 

Loss  ou  ignition 5.20 

Total 100.57 

The  specimen  analyzed  was  taken  from  one  of  the  harder 
bands  found  in  the  bed  of  ^Hhe  branch"  north  of  J.  F.  Moore's 
house  (See  page  182). 

In  that  portion  of  the  Magnet  Cove  region  which  lies  near 
Cove  Creek  but  east  of  the  limits  of  the  Cove  proper  there  occur 
large  masses   and   areas   of  a  dark  brown,  coarse-grained   rock 


i*— 


«  Bj  X  are  represented  the  oxides  of  those  earths  which  are  iosolabie  in  cold  water 
after  having  been  smelted  with  KH  SO4.  ZrtOt,  TatOt,  etc.,  maj  be  included  under  this  head. 
Compare— Knop  in  the  Zeitschrift  f.  Kryst,  Vol.  X.,  1884,  p.  58.— BeitrSge  zur  Kenntniss  d. 
EriiptiTges.  des  Christ ianiapSilurbeckens  bf  Lang  and  Jaonaach,  Christiania,  1886,  pp.  W  and 
113.— Einige  Gesteine  aus  der  Rhdo,  by  E.  Moller.  (Neues  Jahrbuch,  (.  Mintralogie,  1887). 
— Ueber  den  Monte  Amiata  and  Seine  Qesteine,  by  J.  Francis  Williams.  (N.  Jahrb.  f. 
Mineral.  Bell.  Band  V.,  1887,  p.  24.)— Gesammelte  chem.  Forschungen,  by  P.  Janoaaeh,  Band 
I.,  Oottingeo,  1888,  p.  176. 
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-which  resembles  both  the  eleolite  syenite  (Cove  type)  and  the 
members  of  the  monchiquite  and  foarchite  group. 

It  is  hypidiomorphic  granular  with  no  tendency  whatever 
towards  a  porphyritic  structure  and  shows  both  by  its  occurrence 
and  structure  that  it  belongs  to  one  of  the  older  abyssal  rocks 
^nd  not  to  the  intrusive  dike  type. 

The  minerals  are  more  closely  allied  to  those  of  the  eleolite 
-syenite  than  of  the  monchiquite  group.  The  dark  minerals  arc 
greatly  in  excess  of  the  light  colored  ones  and  it  is  possible  that 
this  rock  forms  one  of  the  more  basic  rocks  in  which  the  iron 
becomes  such  an  important  factor  (See  pp.  180  and  219). 

The  pyroxene  is  of  the  diopside  type  and  is  not  the  augite 
-of  the  monchiquites.  Olivine  is  wanting.  Large  biotite  crystals 
which  have  been  more  or  less  completely  altered  to  serpentine 
make  up  a  large  part  of  the  rook. 

Eleolite  is  present  only  in  somewhat  rare,  partly  decomposed 
•crystals.  In  most  cases  it  has  been  completely  altered  so  that 
nothing  more  than  a  mass  of  strongly  polarizing,  decomposition 
products  remain. 

The  ores  of  iron  and  titanium  are  present  in  great  quantities 
and  in  some  of  the  specimens  examined  they  form  a  large  per 
-cent  of  the  dark  colored  minerals.  Pyrite  is  present  in  abundance. 
An  analysis  of  the  rock  gave  the  writer  the  following  results : — 

Analysis  of  dark  colored  eleolite  mica  syenite. 

HiO, 36.51 

TiO, 3.11] 

X(*) 2.10  j 

AlA 8.22  [^25.03 

FeA 8-29  ! 

FeO «    3.31  j 

FeSa ^-03 

CaO 18.85 

8rO Trace 

MgO 8.19 

MnO trace 

K,0 1.08 

Na,0 2.10 

CI 0.03 

*  For  ezpUDation  of  use  of  X,  see  page  220. 
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PA (?) 

80, (?) 

Loss  on  ignition 1.40 

Total 99.22 

When  the  iron  (exclusive  of  pyrite),  alumina  and  titaniun^ 
are  grouped  together  in  both  analyses  the  agreement  is  much 
more  evident  than  when  they  are  considered  separately. 

For  convenience  in  comparing  these  two  analyses  with 
each  other  and  with  an  analysis  of  the  amphibole  fourchite 
(monchiquite)  from  Magnet  Cove  (See  page  226  and  chap., 
yil.  m,  B)  and  typical  specimens  of  ouachitite  from  elsewhere 
in  Arkansas  (See  chap.  XII.)  the  following  table  has  been 
prepared. 

Table  of  analyses  of  ba^ic  rocks  from  Arkansas. 


3x: 


CONSTITUENTS. 


SIC,.... 
TiO,... 
X(*).... 
AI2O,. 
Fe.O,. 

FeO 

FeSa... 

CaO 

MgO ... 
K.O .... 
Na,0... 

CO, 

F2O5.... 


I. 


P 

•5)1 


ir. 


a. 


HaO  (ignition) 

ToUl 


88.93 
1.62 

1541 
5.10 
4.24 
0.89 

16.49 
5.27 
1.78 
5.27 

0.35 
0.02 
5.20 


100.57 


21 

5l 


in. 


II 

s 


86.51 
81.11 
2.10 
822 
8.29 
8.31 
6.03 
18.85 
8.19 
1.08 
2.10 


0.08 
1.40 


99.22 


48.60 
2.10 


18.06 
7.52 
7.64 

18.89 
8.47 
1.80 
2.00 


IV. 


S 

s 

S 


1.22 


100.20 


86.40 
0.42 

•••#• 

12.48 
8.27 
4.60 

14.46 
11.44 

8.01 

0.97 

8.94 

1.04 

2.86(t) 


a 

2 


99.84 


88.07 

17.92 
14.08^ 

11.70. 
S.87 
2.28 
0.96^ 
6.60 


160.91 


*>  For  oxplanation  of  ute  of  X,  see  page  226. 
t  Thi«  water  dettrminaiion  was  made  directly. 
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1.  Eleolite  syenite  (Cove  type,  light  colored  ),  analyzed  by 
•J.  Francis  Williams  (p.  126). 

n.  Eleolite  syenite  dark  colored,  analyzed  by  J.  Francis  Williams 
(p.  127). 

in.  Amphibole  fourchite,  Magnet  Cove.  Long  dike  in  8.  W.  i 
section  18.  (p.  185).    Analyzed  by  W.  A.  Noyes  (Chap.  VII.  iii.  B). 

IV.  Ouachitite  (rich  in  biotite)  3  8., 20  W.,  8ec.  11,  N.  E.  quarter 
•of  N.  W.  quarter.    Analyzed  by  L.  G.  Eakins,  (Chap.  XII). 

V.  Ouachitite  (poor  in  biotite),  1  N.,  15  W.,  section  85,  N.  E. 
-quarter.    Analyzed  by  J.  F.  Kemp,  (Chap.  XII). 

A  comparison  of  the  above  analyses  shows  that  it  is  not  very 
•clear  from  a  chemical  standpoint  to  which  group  the  dark 
colored  rock  belongs  for  it  is  about  as  much  like  one  as  the  other. 
If  future  investigations  should  tend  to  separate  it  from  the  eleolite 
syenite  it  would  fall  in  the  group  of  the  peridotites  free  from 
olivine  for  its  structure  is  such  (hypidiomorphic  granular)  that 
it  cannot  be  united  with  the  hypocrystalline  monchiquites. 

S.     Eleolite  gar  tut  syenite  {Ridge   type). 

This  rock  is  usually  of  a  dark  color  and  presents 
B  decidedly  oily  appearance  which  is  due  not  to  the 
Oneness  of  the  individual  crystals  composing  it,  but  to 
the  characteristic  fracture  of  both  the  eleolite  and  the 
garnet  which  form  its  chief  constituents.  It  is  very  heavy 
And  shows  a  great  latitude  in  the  relative  amounts  of  eleolite 
And  the  dark  colored  components.  In  some  cases  the  latter 
do  not  make  up  more  than  a  quarter  of  the  mass  of  the  rock 
while  in  other  cases  they  form  as  much  as  three  quarters  of 
the  whole.  Of  these  two  varieties  the  former  is  naturally 
somewhat  lighter  in  color  than  the  latter,  but,  as  has  been 
stated,  the  general  tone  of  the  rock  is  dark. 

Structurt. — The  rock  is  hypidiomorphic  granular  in  its 
structure  and  never  shows  any  tendency  towards  a  porpyritic 
•character.  It  is  an  abyssal  rock  and  has  the  characteristic 
granitic  structure  of  those  rocks.  The  size  of  the  individual 
crystals  varies  considerably,  for  in  some  cases  they  become 
several  centimeters  in  diameter  while  in  other  cases  they 
sink  to  microscopic  dimensions. 

Under  the  microscope  the  rock  is  seen  to  be  made  up  of 
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a  hypidiomorphic  granular  mixture  of  eleolite,  melanite- 
(schorlomite  (?)  )  and  diopsidoi  with  occasional  biotite  flakes 
and  the  usual  accessory  minerals. 

EleolUe  appears  in  oily  looking,  yellowish,  flesh-colored 
or  grayish  masses  showing  no  exterior  form,  but  bounded  by 
the  pyroxene  and  garnet. 

Under  the  microscope  the  mineral  presents  its  usual  ap- 
pearance except  that  it  is  somewhat  fresher  than  it  is  com-^ 
monly  found.  In  many  cases,  however,  it  has  been  much 
decomposed  and  shows  a  formation  of  kaolin,  cancrinite  and 
other  decomposition  products.  It  often  includes  the  minerals 
of  older  formation  and  contains  also  lines  of  gas-pores  and 
minute  cavities  containing  some  liquid.  The  liquid  in  these 
pores  often  contains  stationary  bubbles  but  in  no  case  have 
moving  ones  been  observed. 

Orlhoclaae  is  entirely  wanting  in  the  typical  rock. 

Pyroxene  is  of  a  light  yellowish  color  and  is  very  slightly,, 
if  at  all,  pleochroitic.  The  angle  of  extinction  is  large  and 
together  with  the  color  and  the  lack  of  pleochroism  makes 
it  evident  that  the  mineral  is  diopside.  The  mineral  is  very 
similar  in  cleavage,  etc.,  to  that  already  described  (pp.  61-63). 
In  these  crystals,  although  there  is  no  increase  of  color  near 
the  edge,  the  coloring  matter  is  not  uniformly  distributed 
throughout  the  crystals  but  is  more  observable  in  some  parts 
than  in  others. 

Weathering  is  indicated  by  yellowish  brown  lines  along 
the  cleavage- cracks.  The  inclusions  are  such  as  are  usually 
noticed  in  this  mineral. 

Garnet  occurs  in  the  form  of  black,  shining  grains  of 
variable  size.  They  are  macroscopically  distinguished  from 
the  other  black  minerals  by  their  want  of  cleavage  and  their 
glassy  fracture.  Qnder  the  microscope  the  garnet  usually 
has  an  idiomorphic  form  and  appears  as  a  yellowish  brown, 
isotropic  substance.  It  is  usually  decidedly  zonal  in  its 
structure,  although  some  cases  have  been  observed  where 
the  crystal  appears  to  be  uniform  throughout.  Between 
crossed  nicols  the  mineral  remains  perfectly  isotropic   and 
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even  with  a  selenite  plate  no  optic  anomalies  could  be  dis- 
covered. From  its  color  and  general  appearance  this  garnet 
would  appear  to  be  melanite,  but  from  the  fact  that  it  occurs 
in  very  close  proximity  to  the  beds  where  such  large  quan- 
tities of  schorlomite  are  found  it  is  possibly,  in  part  at  least, 
to  be  connected  with  that  mineral.  Some  portions  taken 
from  a  microscopic  slide,  when  tested  with  terrous  sulphate 
in  a  bead  of  microcosmic  salt  showed  only  a  very  slight  re- 
action for  titanium,  but  it  is  more  than  probable  that  this 
element  is  not  present  in  all  the  crystals  in  the  same  degree. 
It  should  be  distinctly  understood  therefore  that  while  this 
mineral  is  called  melanite  it  probably  includes  schorlomite  and 
perhaps  yit7aar(/6  as  well. 

The  relative  ages  of  melanite  and  diopside  are  not  per- 
fectly clear,  for  in  many  cases  the  melanite  is  found  included 
in  the  diopside,  while  in  some  cases  the  latter  has  an 
idiomorphic  form  where  it  comes  in  contact  with  the  former. 
The  result  of  observations  on  a  large  number  of  examples 
indicates,  however,  that  the  melanite  is  the  older  of  the  two 
minerals,  but  that  their  periods  of  formation  were  not  far 
removed  from  each  other.  It  is  probable  that  the  melanite 
was  still  forming  when  the  diopside  began  to  crystallize. 

Biotite  occurs  in  small  quantities,  but  in  the  typical  rock 
this  mineral  is  very  scarce.  It  is  usually  of  a  light  green 
color  and  shows  the  beginning  of  alteration.  It  is  negative 
and  apparently  uniaxial  for  white  light. 

Apatite  is  not  common,  but  when  it  appears  it  forms 
comparatively  large  idiomorphic  prisms.  Magnetite  occurs 
in  idiomorphic  forms  and  also  in  long  rod-like  crystals* 
llmenite  occurs  in  irregular  grains  and  is  characterized  by  its 
purplish  color,  rough  surface,  and  the  systems  of  dark  and 
light  bands  observed  when  it  is  examined  in  polarized  light. 
It  is  occasionally  found  surrounded  by  a  band  of  leucoxene. 
lUanite  is  not  common  and  seems  to  have  been  replaced  by 
the  other  titanium  minerals  present. 

Cancrinite  appears  only  a?  a  secondary  mineral  and  is 
usually  found  in  the  form  of  slender  needles  arranged  about 
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the  cracks  in  the  eleolite.  It  is  characterized  as  asaal  by  its 
high  double  refraction  and  its  effervescence  with  hydrochloric 
acid. 

5.    Miarolitic  Eleolite  Syenite. 

This  rock  occurs  in  small  areas  at  several  points  in 
Magnet  Cove,  as  indicated  on  map  IV.  and  mentioned  in  the 
general  description.  (See  chapter  VI.)  The  rock  is 
so  decomposed  that  at  no  place  is  it  sufficiently  fresh  to  al- 
low of  a  minute  macroscopic  or  microscopic  investigation. 
Its  mode  of  occurrence  and  its  relations  to  the  neighboring 
rock  are  also  concealed  for  the  same  reason. 

It  generally  appears  at  points  where  some  of  the  small 
brooks  have  cut  deep  down  into  the  overlying  soil  and  seems 
to  form  a  rock  older  than  the  eleolite  syenite  dike  rock 
(Diamond  Jo  type)  and  the  leucite  syenite  dike  rock,  in  the 
neighborhood  of  which  it  is  usually  found. 

It  forms  a  coarse-grained,  friable,  yellowish  brown  rock 
which  consists  principally  of  feldspar  and  biotite  with  the 
remains  of  some  other  basic  silicates.  The  eleolite  appears 
to  have  been  almost  if  not  entirely  decomposed.  The  rock 
contains  many  cavities  into  which  the  feldspar  crystals  ex. 
tend  and  show  by  their  perfect  crystalline  forms  that  these 
spaces  were  either  originally  empty  or  were  filled  with  some 
late-formed  mineral  which  has  since  been  decomposed. 

The  feldspar  appears  in  large  (10  to  20mm)  thick  crys- 
tals somewhat  tabular  parallel  to  the  clinopinacoid.  They 
are  bounded  by  the  faces  commonly  found  on  orthoclase  and 
are  occasionally  twinned  according  to  the  Carlsbad  law.  The 
great  amount  of  kaolinization  which  has  taken  place  pre- 
vents any  microscopic  study  of  these  crystals. 

On  a  close  examination  it  appears  that  some  eleolite 
has  escaped  the  action  of  the  elements  and  remains  to  indicate 
the  original  character  of  the  rock.  Biotite  is  the  only  one 
of  the  basic  silicates  which  has  withstood  the  weathering 
sufficiently  to  be  recognized.  Augite  and  hornblende,  if 
they  were  ever  present,  are  now  entirely  gone. 

Pyrite  seems  to  have  been  an  important  mineral  in  the 
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freeh  rock  for  limonite  now  appears  filling  the  spaces  that 
were  once  occapied  by  the  pyrite.  In  cases  where  the  de- 
•composition  is  not  too  far  advanced  the  rock  emits  a  strong 
odor  of  sulphuretted  hydrogen  (HjS). 

The  rock,  as  appears  from  the  above  description,  has 
been  found  in  but  a  poor  state  of  preservation  and  hence  it 
has  not  been  sufficiently  studied  to  allow  any  definite  classi- 
fication of  it  to  be  made.  It  seems  probable,  however,  that 
it  was  formed  in  considerable  masses  and  constituted  a 
miarolitic  variety  of  the  older  or  abyssal  type  of  eleolite 
syeuite. 

B,    Eleolitic  Bike  Rocks. 

i.   .EleolUe  Syenite  Dike  Rock  {Diamond  Jo  Type). 

The  eleolite  syenite  dike  rock  possesses  a  holocrystalline, 
hypidiomorphic  granular  structure  which'ofteu  inclines  to  a 
trachytic  structure.*  In  texture  it  varies  between  very  wide 
limits.  Some  of  it  is  fine-grained  while  other  specimens 
show  an  extremely  coarse-crystalline  texture. 

Macroscopically  the  orthoclase  is  by  far  the  most  im- 
portant constituent  of  the  rock.  It  occurs  in  large  (5  to  20mm) 
allotriomorphic  crystals,  tabular  parallel  to  the  clinopinacoid 
and  often  shows  a  well  defined  external  crystal  form.  These 
crystals  give  a  decidedly  trachytic  appearance  to  the  rock. 
(See  page  85).  They  are  of  a  slightly  grayish  white  color, 
have  a  distinct  cleavage  and  show  a  mother-of-pearl  lustre 
on  the  basal  cleavage-plane  (001).  The  basic  silicates  are 
rare  and  appear  as  email,  jet  black,  shining  masses  with  an 
indistinct  cleavage.  The  eleolite  appears  as  grayish,  waxy 
looking  masses  squeezed  in  between   the   feldspar  crystals. 

Under  the  microscope  the  rock  is  seen  to  be  a  hypidio- 
morphic  granular  mixture  of  orthoclase,  eleolite  (much  de- 
composed), cancrinite  and  pyroxene. 

Orthodase  is  seldom  fresh  but  appears  as  opaque,  oblong 
sections  which  are  the  natural  forms  for  crystals  tabular 
parallel  to  the  clinopinacoid  to  assume  when  they  are  cut 
^exactly  or  nearly  at  right  angles  to  the  symmetry-plane. 

*S6«  Plata  1.    (Fruntispleee.) 
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The  cleavage-planes  appear  as  distinct  cracks  and  are* 
emphasized  by  the  kaolinization  which  has  begun  from  them. 
Twin  crystals  are  common  and  both  the  Carlsbad  and  Baveno 
laws  have  been  observed.  The  optic  axis  angle  is  small — so 
small  in  fact  that  it  would  indicate  that  the  mineral  inclines 
more  towards  a  sanidine  than  an  orthoclase.  The  orthoclase 
is  perfectly  free  from  isomorphic  mixtures  of  other  feldspars 
and  shows  therefore  no  microperthitic  structure.  The 
inclusions  are  very  plentiful  and  consist  principally  of  kaolin 
and  small  gas  cavities  which  are  often  arranged  parallel  to 
the  vertical  axis. 

JEleolite  can  be  macroscopically  distinguished  by  its  grayish 
color  and  somewhat  greasy  appearance.  In  some  cases  it 
has  been  so  completely  altered  as  to  lose  its  characteristic 
lustre. 

Under  the  microscope  the  eleolite  appears  both  as  idio- 
morphic  and  allotriomorphic  crystals;  when  it  comes  in 
contact  with  the  orthoclase  the  latter  forms  the  boundary^ 
but  when  it  is  imbedded  in  cancrinite  its  form  is  idiomorphic. 
Eleolite  usually  appears  in  thick,  hexagonal  prisms,  not  much 
longer  than  they  are  broad,  which  often  measure  2  to  3mm 
in  their  greatest  diameter.  Cracks  are  common  in  sections 
parallel  to  the  vertical  axis,  but  the  true  cleavage-cracka 
have  been  observed  only  in  sections  parallel  to  the  base.  Thia 
cleavage  is  then  seen  to  lie  parallel  to  the  hexagonal  prism 
faces  (1010). 

In  some  cases  fresh  specimens  of  eleolite  have  been 
observed,  but  in  far  the  greater  number  of  cases  decomposi- 
tion has  taken  place  to  such  an  extent  that  nothing  but  highly 
double  refracting  alteration  products  in  the  form  of  small 
needles  and  irregular  plates  can  be  found.  The  indasiona 
of  gas  are  very  comm'on  and  are  almost  without  exception 
in  the  form  of  oblong  cavities  arranged  parallel  to  the 
vertical  axis. 

The  eleolite,  whether  altered  or  not,  is  easily  attacked  by 
hydrochloric  acid  and  forms  a  gelatinous  silica  which  on  dryiofj^ 
is  filled  with  small  cubes  of  salt. 
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Cancrinite  usually  occurs  in  the  spaces  not  occupied  by 
orthocIaHe  and  eleolite  and  hence  is  seldom  if  ever  found  ia 
idiomorphic  crystals.  It  is  oflen  O.Smni  or  more  in  size  and 
appears  in  polygonal  or  triangular  shaped  sections  which  are 
clear  and  transparent  and  seldom  show  any  indications  of  de- 
composition. The  cancrinite  is  distinguished  by  its  high  polar- 
ization colors  and  strong  double  refraction.  Even  in  thia 
sections  these  colors  rise  to  orange  and  red  of  the  first  order  and 
are  very  characteristic  of  the  mineral,  which  might  otherwise 
easily  be  mistaken  for  eleolite^  which  it  resembles  in  many 
respects.  The  cleavage  observed  in  some  sections  forms  two  sets 
of  cracks  at  right  angles  to  each  other  which  appear  to  be  nearly 
equally  distinct.  In  other  sections  three  systems  of  lines  have 
been  found  which  make  angles  of  60^  with  each  other  and  cor- 
resf/ond  to  a  prismatic  cleavage.  In  polarized  light  the 
extinction  is  found  to  lie  parallel  and  perpendicular  to  the  right 
angled  cleavage  cracks,  thus  showing  that  these  lie  parallel 
respectively  to  the  base  and  principal  axis.  The  index  of  re- 
fraction is  lower  than  that  of  Canada  balsam  and  therefore  the 
surface  of  the  section  appears  smooth.  In  sections  at  right 
angles  to  the  principal  axis  a  comparatively  sharp,  black  cross 
appears  around  which  is  one  wide  ring.  When  this  interference 
figure  is  tested  with  a  mica  plate,  the  negative  character  of  the 
double  refraction  is  easily  established.  If  the  sections  are  not 
perfectly  basal  but  are  slightly  inclined  the  cross  is  found  near 
one  edge  of  the  field^  and  two,  or  even  three,  rings  appear. 

There  is  always  more  or  less  doubt  about  the  identity  of  a 
mineral  where  the  external  crystal  form  is  wanting,  and, 
therefore,  in  order  to  establish  the  character  of  this  mineral  more 
surely,  it  was  tested  microchemically,  with  the  following  re^ult8. 
A  thin  section  of  the  rock  containing  this  mineral  was  treated 
in  the  cold  with  dilute  hydrochloric  acid  and  this  mineral  effer- 
vesced slightly,  but,  when  warmed  a  little,  the  effervescence 
became  very  rapid  and  took  place  from  all  parts  of  the  crystal. 
As  the  acid  dried  the  section  became  covered  with  gelatinous- 
silica  in  which  small  cubes  of  salt  were  very  numerous  and  per- 
fectly formed.    It  is  evident,  therefore,  that  both  in  chemical  as 
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well  as  optic  characteristics  this  mineral  is  identical  with  oau' 
'i:rinite.  The  only  minerals  with  which  it  might  be  confused  are 
eleolite,  hydronephelite  and  eudialite,  from  which  it  is  easily 
distinguished  by  its  strong  double  refraction,  high  interference 
<^olors  and  efiervescence  with  hydrochloric  acid ;  calcite,  from 
which  it  is  distinguished  by  its  gelatinization  and  separation  of 
salt  cubes  when  treated  with  hydrochloric  acid,  and  by  its  want 
of  twinning  lamellae,  decidedly  lower  interference  colors,  fewer, 
wider  rings  about  th^  uniaxial  cross,  and  the  cleavage-planes 
parallel  to  the  base  and  prisms ;  quartz,  from  which  it  is  dis- 
tinguished by  its  negative  double  refraction ;  the  members  of  the 
scapolite  group,  from  which  it  is  distinguished  by  the  carbon 
dioxide  it  contains.  From  minerals  belonging  to  other  than  the 
tetragonal  or  hexagonal  systems  it  is  distinguished  by  its  uniaxial 
interference  figure. 

Cancrinite  sometimes  occurs  in  long  prisms  imbedded  in  the 
feldspar  and  eleolite  and  occasionally  shows  a  hexagonal  form 
when  cut  at  right  angles  to  the  principal  axis.  In  these  cases,  as 
in  the  preceding,  it  is  characterized  by  its  high  polarization 
colors.  The  cancrinite  is  usually  clear  and  fresh  and  shows  but 
few  inclusions.  It  is  highly  probable  that  it  is,  in  part  at  least, 
a  primary  mineral  of  this  rock. 

Pyroxene  has  been  observed  in  large  idiomorphic  crystals 
which  are  generally  of  a  dark  green  color.  They  show  a  decided 
pleochroism  between  various  shades  of  green  and  their  absorp- 
tion is  very  strong.  From  its  general  characteristics  it  is  evident 
that  the  pyroxene  belong  to  the  variety  cegirite. 

In  some  cases,  also,  a  lighter  colored,  greenish  pyroxene  has 
been  observed  which  has  a  comparatively  large  angle  of  extinc- 
tion which  is  still  larger  for  the  substance  in  the  center  than  for 
that  about  the  outside.  This  may  therefore  be  considered  as 
belonging  to  the  variety  diopside. 

Biotite  occurs  very  rarely  and  when  it  appears  presents  no 
peculiarities  of  structure  or  optic  properties. 

Amphibole  is  entirely  wanting  in  this  variety  of  rock  and  in 
fact  in  all  the  syenitic  rocks  of  Magnet  Cove  it  is  almost  without 
exception  replaced  by  pyroxene. 
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Sodalite  occurs  occasionally  as  an  accessory  mineral  in  some^ 
sections  bnt  is  entirely  wanting  in  others.  It  is  idiomorphic  in 
form  and  is  usually  elongated  parallel  to  some  one  of  its  crystal- 
Ic^raphic  axes  so  that  it  does  not  present  a  regular  polygonal 
section.  It  is  perfectly  isotropic  and  shows  no  optic  anomalies 
of  any  kind. 

TUanite,  magnetite  and  pyrite  are  present  in  very  small 
quantities  in  some  sections  and  are  absent  entirely  in  others.  At 
best  they  play  but  a  very  small  part  among  the  constituent  min- 
erals of  the  rock.    Apatite  appears  to  be  entirely  wanting. 

Decompomtion  and  alteration  prodttcts. — Among  these  are 
found  secondary  segiritCi  secondary  cancrinite^  fluoritCi  calcite,. 
hematite,  kaolin  and  titanite. 

JEgirite  forms  small  radiate  groups  of  minute^  needle-like 
crystals  such  as  have  already  been  described  in  other    rocks. 
(See  page  80).    They  are  evidently  formed  by  the  decomposition 
of  primary  aegirite  or  of  other  basic  silicates. 

Oanorinite  appears  in  the  form  of  a  highly  refracting^  fine,, 
fibrous  decomposition  product  which  has  replaced  a  great  deal  of 
the  eleolite.  It  is  probably  mixed  with  ranite  and  other  altera- 
tion products.  It  is  often  in  direct  association  with  the  primary* 
cancrinite,  but  is  of  an  entirely  different  form ;  the  primary 
material  is  compact  and  uniform  while  the  secondary  shows  very 
markedly  its  composite  structure. 

JBluoriie  forms  small  purple  crystals  imbedded  in  the  rock 
and  is  also  quite  largely  developed  as  a  filling  material  in  the 
seams.  In  the  latter  case  it  occurs  in  the  form  of  thin^  circular^ 
or  polygonal^  purple  masses  which  are  often  3  to  6cm  in 
diameter,  but  seldom  exceed  2mm  in  thickness.  These  show  an 
octahedral  cleavage  and  are  isotropic  under  the  microscope. 
When  heated  in  the  dark  they  fluoresce  with  a  greenish  color 
and  belong  to  the  variety  chlorophane.  When  the  powder  of 
this  mineral  is  heated  with  sulphuric  acid  in  a  platinum  crucible 
fluorine  is  readily  given  ofi^,  as  is  shown  by  the  etching  of  a 
watch-gla&s  placed  over  the  top  of  the  crucible.  Besides  the* 
purple  variety y  fluorite  often  occurs  in  yellow  or  colorless  trans ^ 
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parent   crystals   which   are  easily  mistaken   at  first   sight   for 
calcite.     The  purple  mioeral  has  been  mistaken  for  sodalite. 

Calcite  appears  as  a  decomposition  product  of  many  minerals 
and  is  often  found  associated  with  the  undecomposed  material  as 
^ell  as  with  other  alteration  products.  Its.  high  double  refrac- 
tion and  twinning  lamellae  are  very  characteristic. 

The  calcite  also  occurs  with  the  fluorite  in  the  cracks  of  the 
rocks.  It  is  distinguished  from  the  light  colored  varieties  of 
the  latter  by  the  fact  that  it  effervesces  easily  with  cold  dilute 
hydrochloric  acid.  Hematite  and  kaolin  are  found  as  is  usual  in 
such  rocks,  and  titanite,  which  may  perhaps  be  better  designated 
as  leucoxene  or  titanomorphite,  appears  as  the  alteration  of  some 
titaniferous  magnetite  grains,  which  it  encircles  like  a  border. 

An  analysis  of  a  specimen  of  this  rock  taken  from  newly 
quarried  rock  from  the  Diamond  Jo  quarry  gave  the  following 
figures.  |[.The  analysis  was  made  by  the  Survey,  B.  N.  Brackett 
and  J.  P.  Smith,  analysts. 

Analysis  of  eleolite  syenite  dike  rock. 

SiO, 63.38 

Al-A 20.22 

Fe-A 1.56 

FtO  - 1.99 

FeS, 1.77 

MnO Trace. 

CaO 3.29 

MgO 0.29 

K,0 6.21 

Na^O 7.89 

^^^ X  3.43 

CO, i 

Total 100.03 

This  analysis  shows  that  the  rock^  although  not  as  basic  as 
the  coarse-grained  eleolite  syenites  of  the  Cove  type,  is  by  uo 
means  as  acid  as  the  pulaskite  or  eleolite  syenite  of  the  Fourche 
Mountain  region. 

2.     Eleolite  eudialyte  syenite.    {Pegmatite). 

This  rock  apparently  occurs  as  a  dike  in  the  Paleozoic  rock 
but  owing  to  the  poor  exposures  of  rock  about  its  borders,  its 
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'Size  and  direction  are  somewhat  indefinite.  It  is  found  at  the 
point  where  the  Hot  Springs-Malvern  road  crosses  Cove  Creek 
and  also  on  the  north  bank  of  the  '^  Branch''  a  few  hundred 
yards  from  where  it  empties  into  Cove  Creek. 

The  rock  shows  a  great  variation  in  the  size  of  its  con- 
stituents. In  some  cases  these  become  extremely  large,  oc- 
t»isionalIy  reaching  a  diameter  of  as  much  as  15cm  (6  in.)^  while 
in  other  cases  they  are  not  more  than  a  millimeter  in  diameter. 

The  coarse-grained  variety  consists  of  a  pegmatitic  com- 
bination of  orthoclase  (microcline)  in  huge  idiomorphic  crystalsy 
«girite  in  long,  beautifully  terminated  prisms,  eleolite,  eudialyte, 
astrophyllite,  titanite,  manganopectolite,  thomsonite  (ozarkite), 
natrolite,  and  other  decomposition  products  of  eleolite.  This 
rock  is  so  altered  by  weathering  that  it  is  difficult  to  say  much 
about  its  structure  except  that  in  a  general  way  it  forms  a  coarse, 
pegmatitic  dike.  A  description  of  the  microsoopic  structure  of 
this  rock  is  entirely  out  of  the  question  on  account  of  the  size  of 
its  constituents  and  the  decomposition  which  has  taken  place. 
The  coarse-grained  rock  is  mixed  with  finer  grained  varieties, 
which  are  of  a  dark  gray  color  and  in  many  cases  become  very 
fine-grained.  In  these  fine-grained  rocks  orthoclase  or  micro- 
tsline,  eleolite,  segirite,  eudialyte,  etc.,  occur,  and  the  structure 
becomes  hypidiomorphic  granular. 

Orthoelase  or  microcline  often  occurs  in  very  large  tabular 
crystals  some  ot  which  have  been  found  to  be  10  to  15cm  in  great- 
est diameter  and  1.5  to  2.0cm  in  thickness.  These  have  only  been 
observed  as  simple  crystals.  Their  character  as  microcline  was 
first  observed  by  Des  Cloizeaux,  and  described  by  him  in  his 
article  *  on  microcline.  The  description  is  so  meager  that  it  is 
impossible  to  be  absolutely  sure  that  the  specimen  analyzed  was 
identical  with  those  from  this  locality,  but,  since  this  rock  is 
the  only  one  from  which  large,  comparatively  free  feldspars  can 
be  obtained  and  is  the  rock  which  contains  the  large  aegirite 
crystals  sent  in  such  quantities  to  Europe,  it  is  more  than 
probable  that  the  mineral  which  Des  Cloizeaux  described  came 
from  this  rock. 

^MCmolra  tar  reiistence,  les  propriety}  optiqoes  et  crjiUllographiqoes,  et  la  o  om- 
potllion  chlmiqne  du  microclloe  oout6i1«  espdce  de  feldflpath  trlclinique  2  baae  de  poUase,  par 
H.  Dei  ClolMSOZ.    Comptaa  Bendus.  Tome  82, 1876,  p.  885. 
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The  antkljdis  which  was  made  by  PisaDi  aad  pablUbed  b^ 
Des  Cloizeaiix,  (I.  c,  p.  891),  is  as  follows: — 

Analysis  of  microoiine.     {Pi»ani), 

SiO, M.30 

AIA 18-TO 

FeA 0.74 

K,0 15.60 

N«,0 0.48 

Low  on  ignition O.Sfi 

Total 101.17 

SpedflC  gravity 2.64 

The  inclisatioD  of  the  base  (001)  to  the  bracbypinacoid 
(010)  was  kjodly  measured  hj  Frof.  J.  F.  Kemp,  of  Coniell 
University,  upon  a  reflection  gooimeter  and  gave  tbe  following 
angles  :• 


M  :  P  010  :  001  ^  90'  21' 
M  :  P  010  :  001  =  90  14 
M  :  P     010  :  001  --  90    19 


89    41 


Mean      010  :  001  =  90"  18'        89°  41'  20" 

The  variation  io  tbe  angle  is  due  to  the  M  (OlO)  face  which 

does  Dot  give  a  sharp  reflection  and   appears  to  be  made  up  of 

iiiDumerable  tine  twinning  lamellce.      The  character  of  sections 

Sections  of  tnierocline  akomng  cleavage,  arrangement  of  inclution* 

and  angles  of  extinction.     (X  500). 


»pa  or 

Fig.  II.  Fig.  It.  Fig.  14. 

Steaoji  pinllal  lo  tb*  6«llDn  pumilri  to  the  SMllon  ptuallal  l»  tb* 

iiiicropiaBCDid (ICW).  bnchniliHcold  [010].  busfoai). 

parallel  to  the  different  faces  or  axes  of  the  crystal  may  be 
better  understood  from  a  consideratioa  of  tbe  sooompaayiDg 
diagrams  (Figs.  12,  18  and  14)  than  from  a  desoription.     The 
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small,  approximately  rectangular  inclu»ioDS  appear  to  be 
sections  of  minute  fe^irite  crystals.  In  some  cases  these  are 
surrounded  by  minute  dots  and  lines  some  of  which  represent 
cavities,  while  others  are  opaque  and  appear  to  be  magnetite. 

In  the  section  parallel  to  ocPc5o  (100)  (Fig.  12)  the  extinc- 
tion is  only  slightly  inclined  to  the  vertical  axis  and  with  very 
high  powers  a  fine  twinning  lamellation  is  observed.  Cleavage 
parallel  xP±^  (010)  and  OP  (001). 

In  the  section  parallel  cx)Pdc  (010)  (Fig.  13)  inclusions  of 
segirite  are  seen  and  the  cleavage-cracks  are  parallel  to  OP  (001). 
The  acnte  bisectrix  makes  an  angle  of  5°  with  the  basal  cleavage- 
cracks  and  lies  in  the  obtuse  angle  /9. 

In  the  section  parallel  to  0P(001),  (Fig.  14)  the  whole 
surface  is  seen  to  be  made  up  of  irregular  patches  which  are 
extinguished  respectively  at  16^  on  each  side  of  their  line  of 
contact.  This  section  has  more  the  appearance  of  the  microper- 
thitic  intergrowths  of  orthoclase  and  albite  than  of  microcline 
but  from  other  considerations,  viz.,  the  angle  of  extinction  of  the 
lamellae  twinned  according  to  the  albite  law  and  the  want  of 
sodium  or  lime  in  the  crystal  as  shown  by  a  qualitative  test,  it 
is  probable  that  it  is  microcline  and  similar  to  the  crystal  analy- 
zed by  Pisani. 

The  section  parallel  ocPdo  (100)  when  examined  in  con- 
vergent polarized  light  shows  that  the  acute  bisectrix  is  not  at 
right  angles  to  the  section  and  that  the  rings  about  the  two 
optic  axes  are  eccentrically  situated  in  the  microscope  field.. 
The  axes  are,  however,  so  wide  apart  that  the  siz9  of  the  angle 
cannot  be  measured  without  the  use  of  an  oil  bath  and  an  axis- 
angle  apparatus.  The  optic  axes  lie  in  a  plain  which  is  approx- 
imately perpendicular  to  the  brachypinacoid  (010). 

Eleolite  requires  no  special  description  as  it  is  identical  in 
all  respects  with  that  found  in  the  eleolite  mica  syenite  (p.  209). 

Eudialyte  was  identified  in  1861  by  Professor  C.  U.  Shepard"*^ 
who  discovered  small  nodules  of  a  brilliant  crimson  mineral  in 
the  feldspar  of  the  eleolite  rock  of  Magnet  Cove,  Arkans^as.  He  at 
first  supposed  this  mineral  to  be  corundum,  but   after  testing  its 

•  Am.  J  ^ur.  Scl.  Series  2,  Vul.  XXXVII..  1861,  p.  405. 
IC  Ocolof  Iwl;  Tel.  il.,  1800. 
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hardness  (which  he  found  to  be  less  than  6),  and  observing 
that  it  gelatinized  with  hydrochloric  acid,  he  decided  that  it  was 
eudialyte.  From  that  time  the  occurrence  of  this  mineral  in 
Arkansas  has  been  mentioned  in  most  text  books  of  mineralogy 
on  Professor  Shepard's  authority,  but  not  until  very  lately  has 
the  subject  been  revived. 

Hidden  and  Mackintosh  have  recently  published  a  note*  in 
which  they  describe  this  nodular,  rose-red,  nearly  transparent 
mineral  and  state  that  it  is  probably  eudialyte  and  identical 
with  that  discovered  by  Shepard. 

The  writer  was  able,  with  the  assistance  of  Wm.  J.  Kimze? 
of  Magnet  Cove,  to  obtain  some  very  good  specimens  of  this  rare 
mineral,  several  of  which  were  well  adapted  for  crystallographic 
measurement.  Through  the  kindness  of  Messrs.  W.  E.  Hidden 
of  New  York  and  C.  S.  Bement  of  Philadelphia,  he  was  enabled 
to  measure  two  other  crystals  from  this  locality  which  were 
e8|>ecially  interesting.  The  results  of  these  investigations  were 
first  published  in  a  paper  entitled,  *^  Eudialyte  from  Magnet 
Cove,  Arkansas.'^  f 

The  crystals  from  this  region  range  from  3  to  18mm  in 
diameter  and  are,  for  the  most  part,  thick  tabular  parallel  to  the 
base.  They  are  transparent  to  semi-transparent  and  in  color 
vary  from  rose-red  to  deep  crimson.  Cleavage  parallel  to  base 
is  indistinct,  and  the  crystals  appear  to  be  traversed  by  irregular 
cracks  in  all  directions.  The  cleavage  parallel  to  ii2(10l4)  and 
J2(lOIl),  as  noted  in  the  Greenland  eudialyte,  has  disappeared 
almost  entirely  from  these  crystals.  The  surface  of  the  crystal 
is  in  some  cases  covered  by  a  yellowish  coating  of  altered  mater- 
ial ;  this,  however  does  not  appear  to  diminish  its  brilliancy,  bat 
when  it  occurs  on  the  base  increases  the  lustre  to  mother-of-pearl* 

The  crystals  may  be  divided  according  ^to  their  form  into 
two  classes :  first,  those  in  which  the  negative  rhombohedrons 
predominate,  and  second,  those  in  which  the  positive  ones  are 
the  larger.  In  general,  the  crystals  are  terminated  above  and 
below  by  hexagonal  basal  planes,  but  these  occasionally  become 

«  Am.  Jour.  Sci.,  Merles  8,  Vol.,  XXX VIII.,  1888,  p.  494. 
t  Am.  Jour.  Sci.,  Series  3,  Vol.  XL.,  1890,  p.  458. 
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triangular  or  disappear  entirely.  The  most  satisfactory  crystal 
for  the  measurement  of  angles  was  one  of  only  about  8mm  in 
its  greatest  diameter  and  of  about  half  that  thickness.  This 
<;rystal  belongs  to  that  group  in  which  the  negative  rhombo- 
hedrons predominate  and  is  shown  in  fig.  15.  The  measurements 
from  this,  combined  with  those  from  several 
other  crystals,  are  given  below,  and  after 
«ach  measured  angle  the  extreme  variation 
from  the  mean  is  appended.  ^'^'/iJ-^!'^*^^''  '"'^^  '• 

The  axial  ratio,  as  calculated  from  measurements,  made  on 
three  very- good  crystals,  of  the  angle  between  the  base  and  the 
largest  rhombohedron,  —  JR,  is  found  to  be  aic^^l :  2.1174. 
As  this  is  deduced  from  a  mean  of  not  less  thin  ten  angles,  none 
of  which  varied  more  than  25  seconds  from  the  mean  angle, 
60^  43'  6",  it  is  evident  that  it  cannot  be  far  out  of  the  way  for 
the  Arkansas  variety  of  cudialyte.  Brogger  (Syenitpegmatit- 
giioge,  p.  498),  considers  the  latest  measurements  of  von  Kokscha- 
rowf  the  most  correct  for  eudialyte.  Von  Kokscharow  gives 
a  :  c=l  :  2.1129  which  differs  but  little  from  the  ordinarily 
accepted  figures,  a  :  c=l  :  2.1117,  while  the  value  for  the 
Arkansas  variety  is  considerably  larger. 

The  following  faces  have   been  observed   and  measured  : — 

c-=0i2(0001),  a=ocP2(ll50),  i2— |-i?(10Il), 
d=-Jfi(01I2),  n- -2/2(0221). 


Von  Koksch 

F«CM. 

Meaa  Angle. 

Calcalatcd. 

Variation. 

Calculated. 

<j :  d,  (0001)  ; 

:  (0112) 

50°  43'  6" 

50°  43'  6" 

0'  24" 

50°  38' 

c  :  jR,(0001)  ; 

;(101l) 

67   53  48 

67   45   24 

3  12 

67   42 

c  :  n,  (0001)  : 

(0251) 

78   25 

78   26   35 

10  30 

78   25 

c  :  a,  (0001)  : 

(1150) 

89   56t 

90     0 

0  15 

90     0 

d:  a,  (1012) 

:  (1120) 

47   49   30 

47  54   29 

4   SO 

47   58 

d  :  d,  (1012) 

:  (1012) 

84   21 

84  11     2 

1  reading 

84     4 

The  variation  of  these  angles  and  of  the  axial  ratio  from 
those  of  von  Kokscharow  would  suggest  some  corresponding 
variation  in  the  chemical  composition. 


«  Von  Kukscharow,   Verhandl.  der  kab*.  rass.  min.  GesellBchaft  sa  St  Petersburg,  II., 
XIV.,  1879,  p.  205. 

t  BrGgger,  loc  dt.,  measurci  this  angle  on  Norwegian  eucoUte  ai  89^  58^  W, 
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All  excellent  oxample  of  that  class  (A  crystals  in  which  the- 
positive  rhombohedroDs  predominate  is  found  in  s  small  specimen 
— not  more  than  4mm  in  itsgreatestdiameter— loaned  the  wrifer 
by  Mr.  C.  S.  Bement.     This  is  shown  in  fig.  16.     In  this  crystal 

one  face,  +R  (101 1),  is  so  over-developed 

\-TrT2i  ^^^^  ^"  ^^^  ^^^^  ^^  ^^®  '^^^^^  seem  dwarfed 
^X^^ji  Vv^^W^   j^y  j^       ^^   ^^^  g^g^  glance,  and  in  fact 

until    the   crystal   is  carefully    measared,. 
this  large  face   would  be  mistaken  for  the 
Fig.iB—Eudiatytit  tabular  par-  basc  aud  the  fact  that  oppositc  to  it  the 

allel  to  a  rhombohedron  face.  i».  •  11  .         ••■« 

crystal  is  terminated  by  a  six-sided  pyra- 
mid would  seem  to  support  this  view.  The  crystal  is,  in  reality,, 
to  be  placed  as  shown  in  the  cut  and  the  faces  which  make  up 
the  front  of  the  crystal  are  designated  by  the  same  letters  as  in 
the  preceding  figure.  The  faces  forming  the  back  are  for  the 
most  part  composed  of  known  forms  in  oscillatory  combination. 
Besides  these  well  known  faces  a  large  number  of  new  ones 
appear,  of  which,  however,  only  a  few  are  large  and  sharp  enough 
to  be  worthy  of  special  mention.  The  most  important  of  these 
forms  are  as  follows  : — 

-1^(0.3.3.11),  ift(l014),  -1«(10T5)  and  -f  B6  (2363). 
The  angles,  measured  as  nearly  as  possible,  were  as  follows : 

OR:  -Ifl,  (0001):(0.3.3.11)  33^  54'  33°  41'  62"^ 

022:     1/2,  (0001):(1011)  31   54  (+30^)     31    26  12 

OR:    \R,  (0001):(10I5)  25   59  33"  36     3  35 

The  faces  at  the  back  of  the  crystal  lying  in  the  vertical  zone- 
and  beginning  at  the  top  are :  0i2,  0001;  -^^iJ,  g.0.3.11; -ifi" 
1012  (large);  -^R,  lOlm;  (point  at  back);  IR,  TOIS;  JB,  I0l4 
(large  but  dull);  IR,  1015  and  Ofl,  OOOI  (bottom). 

The  right  and  left  inclined  zones  at  the  back  are  made  up  of 
the  following  faces;  R,  01 11  and  TlOl ;  the  prisms  ooP2,  TI20 
and  2110;  (point  at  back);  -Jii,  1102  and  0T12.  The  small 
zones  lying  back  of  a  (cx)P2,  1210  and  1210)  are  made  up  of  a 
recurrence  of  the  prisms  with  the  scalenohedfons  -fiZo,  2363u 
and  6323  (determinable  only  through  zone  relations). 

In  order  to  make  sure  that  the  crystal  was  properly  placed 
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Bod  the  faces  correctly  determined  it  was  imbedded  in  a  short 
piece  of  glass  tubiog  just  large  enough  to  hold  it  and  which  was 
filled  with  Canada  balsam.  This  was  then  placed  on  an  object 
glass  and  a  thin  glass  cover  placed  over  it.*  The  outside  of  the 
glass  (ube  was  covered  with  black  paint,  in  order  to  cut  off  any 
side  reflections  and  the  preparation  was  then  examined  under 
the  polariscope.  Owing  to  the  thickness  and  irregularity  of  the 
crystal,  the  black  cross  was  not  very  plain,  but  it  was  evident  on 
revolving  the  stage  of  the  polariscope  that  there  was  no  ex- 
tinction such  as  was  observed  when  the  crystal  was  placed  in  any 
other  position. 

The  specific  gravity  is  comparatively  low  and  lies  between 
2.804  and  2.833  at  Ib"^  C.  These  values  were  obtained  from 
those  crystals  which  were  measured,  and  the  lowest  was  that  of 
the  crystal  figured  in  fig.  16.  The  determination  was  made  by 
means  of  a  cadmium-borotungstate  solution,  in  which  the  crystals 
were  placed  and  which  was  then  brought  to  such  a  density  that 
the  mineral  remained  suspended,  neither  rising  nor  sinking. 
The  specific  gravity  of  the  solution  was  then  determined  by 
means  of  a  12cc  pycnometer. 

Thin  sections,  cut  at  right  angles  to  the  vertical  axis,  show 
in  parallel  light  a  pink  color,  and  between  crossed  nicols  remain 
perfectly  dark  during  a  complete  revolution  of  the  stage.  In 
-convergent  polarized  light  such  sections  show  a  wide  black  cross 
which  sometimes  opens  a  little  owing  to  slight  optic  anomalies, 
but  no  colored  rings  appear.  Both  the  double  refraction  and  the 
index  of  refraction  are  weak.  The  index  is  lower  than  that  of 
Canada  balsam  and  the  surface  of  the  section  appears  smooth. 
The  character  of  the  double  refraction  is  positive.  By  sinking 
the  polarizer  and  the  converging  lens  the  irregular  cleavage, 
which  lies  approximately  ptrallel  to  ^R  (1014),  becomes  visible. 

The  mineral  is  coipparatively  free  from  iiu^lusions  for  a 
<!rystal  which  was  foim''>l  as  late  in  the  period  of  solidification  of 
the  rock  as  this.     Matrnetite  and  segirite  or  acmite  are  the  only 

*.*ioo6  mtking  this  exp  riincni  the  writer  has  received  Profesaor  C.  Klein's  exhaustiTd 
pftp«r  on  thin  method  of  exaiui III  m  cryntals  without  cuttins;  them.  Sitxungvber.  d.  k.  Akad., 
3erUD,  XVIII,  1890,  p.  847. 
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inclusions  which  have  been  observed.  It  appears  as  if  some* 
times  eudialyte  and  sometimes  miorooline  was  formed  firs*r,  for 
first  one  and  then  the  other  is  found  in  idiomorphic  crystals.  Oa 
the  whole  the  eudialyte  appears  to  be  the  earlier  of  the  two. 
Decomposition  takes  place  very  rapidly  and  the  earlier  stages  of 
it  are  marked  by  the  formation  of  a  yellowish  brown  mineral  witb 
negative  double  refraction  which  has  been  proved  to  be  eucolite^ 
Since  the  above  article  was  published  by  the  writer  an  article 
by  Dr.  F.  A.  Genth  on  the  same  subject  has  been  contributed  to 
the  American  Journal.*  Genth's  paper  was  virtually  completed 
before  that  of  the  writer  came  into  his  hands  and  hence  the  close 

agreement  of  the  angles  found  is  especially^ 
interesting  since  they  were  measured  in- 
dependently. Pirsson  gives  the  accompany- 
ing figure  (Fig.  17)  and  enumerates  the 
following    faces  :   c=OU  (0001) ;   t=+R 

Fig.  17.  Eu^iolyurr^n.  Ma,.  (lOH)  J  «— Ji?  (0112)  and  a=OcP2  (11 20J 

net  Cove  iqfterPirswn).  The  followiug  angles  wcrc  measured  on  a. 

crystal  2.5mm   in    diameter: — 


WUliams. 
Calculated.     Measured.. 

67°  45i'       67°   64' 
50  43  50    48 


Pir88on. 

c  :  r,  (0001)  :  (lOTl)  -  67°  35'  (mean  of  5 

meas.) 
c  :  e,  (0001)  :  (0112)  -  50  44  (mean  of  6 

meas.) 

The  specific  gravity  was  determined  by  Genth  to  be  2.810.. 

Genth  gives  two  very  valuable  analyses  of  the  pink  nodular 
material  which  he  states  consisted  of  material  of  various  shades 
of  color^  but  appeared  to  be  free  from  impurities.     The  analyses^ 
are  as  follows : — 


*-"  Contributions  to  Mineralogy,  No.  SO :  bj  F.  A.  Genth  with  crystallograpble  not«». 
by  S.  L.  Penfield  and  L.  V.  Pirsson.    Am.  Jour.  Sci.    Series  8,  Vol.  XLI ,  1891,  p.  897. 

In  preparing  this  paper  Genth  took  the  charge  of  the  chemical  portion  while  Pinso» 
measured  the  crystals  and  calculated  the  angles.  For  this  reason  the  work  on  the  chemical' 
and  crystallographic  portions  of  the  paper  has  been  in  each  case  referred  to  the  men  who  an* 
dertook  it. 


MAQNBT  COVB  BOCK  —  BLBOUTE  EUDIALYTE  SYENITE. 


247 


Analyses  of  eudialyte  (Oenth). 


CONSTITUENTS.  . 


a. 


«IOa 51.88 

ZrOj 11.45 

TatO,  (?) 0.89 

F«0 4.87 

MnO 0.87 

CiO 14.77 

MgO 1  O.ll 

K,0 1  0  48 

Ka.O ,  13.29 

CI !  1.42 


51.68 
11.62 
0.29 
4.85 
0  80 
15.05 
0.07 


>    1 


fgniiiun  .. 
ToUl.. 


1.88 


100.81 


1.41 
1.84 


Genth  states  that  the  mineral  occurs  associated  with  se^irite, 
astrophyllitey  titanite  and  zeolites.  He  suggests  the  possibility 
that  the  variation  in  color  is  due  to  the  beginning  of  alteration^ 

AstrophyllUe  occurs  sparingly  in  this  rock  but  in  compara- 
tively large  (5-lOmm)  poorly  developed  crystals.  The  writer 
has  seen  only  one  specimen  of  the  rock  in  which  this  mineral 
occurs.  This  s|>ecimen  was  given  to  him  and  his  attention 
called  to  the  astrophyllite  in  it  by  Dr.  Genth,  who  had  already 
mentioned  the  mineral  in  his  description  of  the  eudialyte  found 
in  the  same  rock  (see  above). 

The  astrophyllite  crystallizes  in  thin,  brittle  plates  which  are 
crowded  together  in  an  irregular  mass.  They  are  of  a  brownisb 
yellow  color  and  show  an  extremely  brilliant  lustre  upon  the* 
base  (001).  The  cleavage  parallel  to  the  base  (001)  is  also- 
highly  perfect.  The  plates  of  which  this  material  is  composed 
are  combined  in  such  a  way  that  they  present  a  curved  structure 
although  in  reality  each  of  the  individual  flakes  is  flat. 

In  convergent  polarized  light  a  plate  parallel  to  the  base 
(001)  shows  that  the  acute  bisectrix  is  perpendicular  to  it  and 
that  the  optic  axis  angle  is  too  wide  to  allow  the  optic  axes  to 
appear  in  the  fleld. 
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A  blowpipe  examination  of  a  few  flakes  of  this  mineral 
showed  the  presence  of  titanium,  *  manganese  and  sodium. 

^girite  occurs  in  gigantic  crystals  in  certain  parts  of  this 
rock  and  while  it  is  very  common  throughout  the  mass,  in  the 
ordinary  forms,  the  large  crystals  occurring  in  coarse  grained 
veins  or  dikes  deserve  a  more  special  mention. 

This  mineral  was  probably  noticed  long  before  il  was  re- 
•cognizcd  as  a^girite,  for  in  the  earliest  account  of  the  region  by 
Joseph  Macrery  f  black  schorl  is  mentioned  as  occurring  in 
rectangular  crystals  which  cover  a  white  or  reddish  feld.r5par  and 
it  is  probable  that  the  brilliant,  black,  nearly  rectangular  prisms 
of  segirite  were  mistaken  for  schorl,  or  tourmaline  as  it  is  now 
called. 

Featherstonhaugh  iu  his  report  X  mentions  hornblende  as 
being  a  constituent  of  the  coarse-grained  syenite  and  also  of  the 
^^greenstone.*'  It  is  probable  that  in  this  case  he  mistook 
segirite  for  hornblende. 

It  is  not  at  all  surprising  that  these  mistakes  were  made  for  it 
was  not  until  the  year  1834  that  Esmark  discovered  this  mineral 
near  Brevig,  Norway,  and  named  it  aegirite  after  the  Norwegian 
god  of  the  sea,  iEgir.  ||  The  very  similar  mineral,  acmite,  which 
is  hardly  distinguishable  from  iegirite,  was,  however,  first 
discovered  in  1784  by  H.  Strom,  who  called  it  **  Krystallisirter. 
Hornstein  (crystallized  hornstone)  oder  schorl,"  §  and  in  1821  P. 
Stiom^l  made  it  a  separate  mineral  under  the  name  "  Werneria" 
and  Berzelius  in  the  same  publication  gave  the  uame  akmit  or 
acmiie  from  the  Greek  word  for  a  spear-point. 

'^'l  he  test  in  a  bead  of  uiicroco!>iulc  salt  with  ferrous  sulphate  was  made  but  gave 
uosa'isfactory  results.     The  wet  method  with  sodium  fluoride,  sodium  pjrosulphate  aad 
hydrogen  peroxide  (DetectioD  and  Elstimatioo  of  Titanium,  W.  A.  Nojres,  Journal  of  Anal.  aii4 
Applied  Cbcmlstrjr,  Vol.  V.,  1891,  p.  39)  was  then  tried  and  a  decided  reaciion  fur  titaniam 
was  obtained  with  an  extremely  small  quantity  of  material. 

t  New  York  Medical  Repository,  Vol.  III.,  1806.  p.  48. 

X  Geological  Keport  of  the  Elevated  Country  between  the  Missouri  and  Red  RiTers,  etc. 
1834,  p.  62. 

I  Ksmark  uud  Berxelius,  Neues  Jabrbuch.  f.  Min.   1835,  p.  184.     Cited  after  BrOgg«r, 
(Sf  enitpegmatit;?Snge  p.  295). 

g  H.  Strom,  Beskrive'se  over  Eger-Praeste^Oold,  KjObenhavn,  1784,  p.  50.     Cited  after 
Brugger,  p.  295. 

r  P.  Stniiu,  Sv.  Vet.  Acud.  Uandl..  1321,  p.  161.    Tiled  after  Brdgg«>r,  p.  29.'S. 
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In  1864  C.  U.  Shepard  *  mentioned  that  segirite  (segirine) 
>ira8  found  loose  in  the  soil  of  Magnet  Cove  and  in  association 
with  eudialyte  and  other  minerals.  Since  that  time  it  has  been 
t>ne  of  the  best  known  of  the  minerals  brought  from  that  inter- 
-e-sting  locality. 

The  segirite  crystals  are  often  30cm  (1  foot)  and  more  in 
length  with  a  thickness  of  Scm  (1^  in.).  They  form  long,  almost 
jet  black  prisms  which  show  a  slight  inclination  toward  green  in 
incident  light  and  which  are  of  a  decided  green  color  when  seen 
by  transmitted  light.  There  is,  however,  a  slight  tendency 
towards  brownish  green  in  some  of  the  specimens  which  are 
superficially  weathered.  From  these  characteristics  it  is  prob- 
able that  this  mineral  is  segirite  and  not  acmite.f  The  long 
prisms  are  often  terminated  by  long  steep  pyramids  whose 
-crystal  faces  are  not  at  all  sharp.  They  are  generally  much 
rounded  and  do  not  allow  of  accurate  measurement  er  determina- 
tion of  their  indices.  A  thin  section  of  one  of  these  large 
-crystals  cut  parallel  to  the  clinopinacoid  (010)  gave  an  extinc- 
tion angle  3°  and  showed  that  the  pleochroism  was  a>c. 

Many  attempts  have  been  made  to  prepare  a  section  at  right 
^angles  to  the  prism  faces  but  without  success.  The  cleavage 
parallel  to  the  prism  was  too  perfect  to  allow  of  much  abrasion 
at  right  angles  to  its  direction. 

An  analysis  of  one  of  these  large  crystals  was  made  in  1875 
by  J.  Lawrence  Smithy  as  shown  below,  and  in  order  to  com- 
pare it  with  those  from  Norway  the  two  typical  analyses  of 
segirite  and  acmite  given  by  Brogger,  and  one  by  F.  Pisani  are 
appended. 

Tlie  resemblance  between  analyses  i.  and  ii.  is  remarkable, 
but  as  there  is  hardly  any  constitutional  difference  between 
•legirite  and  acmite  this  similarity  does  not  signify  much. 

Besides  these  very  large  specimens  there  are  crystals  of  all 
^izes  down  to  the  very  minute  needle-like  forms  found  included 
in  the  microcline,  eudialyte  etc. 

•  Am.  Jour.  Sci.,  Series  2,  Vol.  XXXVII.,  1864,  p.  407. 
tSee  Br6gger  (Syenltiegmatltgftoge,  p.  836  ) 

I  Aoalftlaof  i^rllefrom  Hot  iSprlogs,  Ark.,  by  J.  Lawrence  Smith,  Am.  Jour. 
tM.,  Serlei  t.  Vol.  X.,  1876,  p.  60. 
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Analyses  of  cegirite  and  acmUe. 


I. 

iC^irite. 
ArkanMLS. 

II. 

III. 

IV. 

C0HSTITUK5T8. 

Mgiritet 

Brevig. 

Norway. 

JEsirite, 
Barkevig, 
Norway. 

Acmlle, 

Riindem  yr, 

Norway. 

TiOa - 

51.41 
0.13 
1.82 

28.80 
9.45 
2.08 
0^1 

62.11 

51.74 

51.85 

Al.Oi 

2.47 
22.80 
8.40 
2.60 
0.41 

0.47  (*) 
28.17 

848 

5.07 

1.79 

0.46 
11.02 

0.84 

•••••• ••••*• •••■•• 

1.59 

FesOi 

82.11  m 

FeO ~ 

2.59 

CaO 

Trace. 

MffO 

MnO 

0.87 

NaiO 

11.88 
Trace. 

12.10 

11.89 

K2O- 

Trace. 

H2O 

080 

..•••.... 

Total 

100,88 
3.53 

101.19 

100.54 

99.40 

Specific  gravity 

I.  iEgirite  from  Magnet  Cove,  analysKed  by  J.  Lawrence  Smiths 
(Am.  Jour.  Scl.,  8er.  3,  Vol.  X.,  1876,  p.  60). 

II.  .^girite  from  Norway  (Brevig),  analyzed  by  F.  Plsani.  (8ur 
Pastropbyllite  et  Ptegrinede  Brevig  en  Norwege.  Note  de  M.  F.  Pisani. 
Comptes  Bendus,  LVI.,  1863,  p.  846). 

III.  ^girite  from  Norway  (Barkevig,  etc.)  analyzed  by  C. 
Dolter.  (Tscberm.  Min.  Mitth.,  1878,  p.  372.  Cited  after  Syenitpegma- 
titgange,  p.  297). 

IV.  Acmite  from  Norway  (Rundemyr),  analyzed  by  C  Dolter^ 
(Ibid.j. 

Iq  thiu  sections  the  segirite  crystals  are  seen  to  be  always 
idiomorphically  bounded  as  regards  the  other  minerals  of  the 
rock  but  they  are  often  grouped  together  into  thick  nests  made 
up  only  of  segirite  in  such  a  way  that  the  free  crystallization  of 
the  individuals  has  been  very  much  hindered  by  each  other.  In 
no  case,  however,  has  a  twin  crystal  of  segirite  been  fonnd  and 
since  Brogger  states  that  twins  are  especially  characteristic  of 
acmite  this  fact  increases  the  probability  that  the  latter  mineral 
is  very  rare  if  not  entirely  wanting. 

«  Brogger  writes  AltO,<=-0.87  instead  of  AlaOi— 0.47.  (t^ee  Rammelaberf  MinenUcbemle 
Erg&niungshett,  p.  24). 

t  Br5gger  writes  Fe«0,— 31.11  instead  of  Fe«0,— 82.11.  (S«a  Bammelibaif,  liiatraU 
cfaemie,  ErgSnzuDgsheft,  p.  23). 
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Oamd  occuni  in  precisely  the  same  form  and  color  as  iu 
the  case  of  that  already  described  io  the  eleolite  mioa  syenite 
(p.  212)  and  needs  no  farther  mention.  It  is  not  very  com- 
mon io  this  rock  and  seldom  appears  in  idiomorphio  crystals. 
WoUaatonUe  han  been  observed  in  a  few  oases  only. 
TUaniie  appears  in  idiomorphio  crystals  (1  to  5mm)  whicb 
are  often  of  a  eulphur-yellow  color  and  form  a  very  etriking  con- 
atitoent  of  the  rock.  In  other  oases  they  have  a  more  decided 
broDse  color  and  are  not  so  brillianL 

The  tilanite  of  this  rock  al**o  forms  prisms  elongated  parallel 
to  the  vertical  axis  (Fig.  18).  These  occur  both  imbedded  and 
virtually  free^  extending  into  cavities  in  the  rock  and 
attached  only  at  the  lower  end  of  the  vertical  axis. 
F.  A.  Gen'.h  has  lately  analyzed  them  and  in  connec- 
tion with  L.  V.  Pirsson  has  published  the  paper 
already  cited.  * 

Genth  describes  the  occurrence  of  the  titanite  as  | 
follows:     "It  occurs  asmciated  with  leglrite,  ortho- 
clase  (or  miorocline)  eleolite,  one  or  two  zeolites, 
eudialyte,  and  others  in  small  pale  yellowish  brown 
or  brown  crystals.     Specific  gravity  3.467.  nttTV" 

"The  crystals  are  very  simple  and  show  a  com-     ,'  "i" 
bination  of  the  two  forms  m— aci'(IIO) :  and  n— -J*(fl«'»*/™n*Bif. 
(lll)t.     The  faces  gave  very  poor  reflections  so  that  ;>(„„„)_ 
only  approximate  meaaii rements  could  he  made." 

An  analysis  of  this  material  gave  Genth  the  following 
figures : — 

AnalyHia  of  litanite.     {Oenih.) 

810, 30.84 

TIO, 89.35 

FeO 0.73 

CaO - 28.26 

MgO Trace. 

Igniiton 0.57 

Total - 99.7.5 

•OontribBlloDi  toUlaarilonr.  Na.  BO,  etc..  Am.  Joai.  t'cl..  Serin  S,  Vol.  XLt.,  1I>!>1, 
V.M. 

T  Flnxiii**  (rnbola  hirr  been  etuDRsd  to  »  to  nnttipond  irltb  IbnM  In  Ibii  nporl. 
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Similar  eloDgated  uryetais,  observed  by  the  writer,  when 
slightly  weathered  are  covered  with  a  crust  of  a  white  subtitance 
the  character  of  which  has  oot  beeo  determioed. 

Magnetite,    ilmenite   and  pyrlU    all  occur  in   considerable 
quaotitiea  but  present  no  peculiarities  worthy  of  special  meotiuD. 
Decomponllion  products. — Among   the   deo in  position   pro- 
ducts of  this  rock  I  here  are  several  minerals  which  are  especially 
interesling   on    ai-count   of  their  comparative  rarity.     For  tbis 
reai^on,  therefore,  these  will  receive  more  than  a  passing  mention. 
Wafro/i7e uccui's  in  thick  prisms  (1  to  2cm  or  more  in  diameter) 
and  often  forms  large  masses  in  this  rock.     It  is  pure  wbit«  and 
faas  a  dintinct  cleavage  parallel  to  the  prism  facea  (110)  and  a 
glassy  lustre.      Although  the  crystallization  has  U'^ually  been  so 
tiindered  that  the   crys'al   faces  seldom  appear,  in   a   few  cases 
beautifully  termiuaied   crystals    have    been   observed   extend- 
ing into  the  the  small  cavities  lefl  between  the  crystals.      One 
small  crystal  (Fig.  19)  of  this  sort  which  had  a  length  of  4mm 
and  a  diameter  of  2mm   showing  the  following 
faces:  rvP  (110),  ooPcB  (100),  ooPdb  (010)   and 
P(lll).     One  of  the  pyramid  feces  (111)  shows 
a  ttriation  parallel  lo  a  polar  edge   lying  in  the 
bracbydisgonal  section  hut  with  that  exception 
ail  the  faces  are  sharp  and  smooth. 

A   qualitative  examination  of  some  of  this 

Fig.  19.      Nolrollle  ^  . 

froiaXagnciCort.  material  showed  flocculeut  siliefl,  when  the  mineral 
was  treated  with  hydrochloric  acid  and  the  solution  gave  a  large 
precipitate  of  alumiua  with  ammonia.  Lime  and  magnesia 
were  entirely  wanting,  but  the  flame  reaction  gave  a  strong  re- 
actiou  for  sodium  and  very  slight  traces  of  potassium. 

Through  the  kindness  of  Dr.  F.  A.  Genth  the  writer  is  en- 
abled to  publish  the  following  analysis  of  (his  mineral.  The 
analysis  has  never  previously  been  published  but  Dr.  Oeoth  has 
^nerously  placed  it  at  the  disposal  of  the  Survey : — 

Analyaia  of  natrolUt.     {OenUt). 

SiO, 47.97 

AIM 28.81 
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Na,0 15.98 

Ignition- 9.81 

Total 100.27 

Specific  gravity 2.243 

Dr.  Genth  states  that  this  is  **  the  beautiful  natrolite  with- 
the  large  cleavage-planes  '^  and,  as  is  evident  from  the  analysis^ 
it  is  very  pure. 

Whole  crystals  and  sections  of  the  same  show  a  perfectly- 
orientated  extinction  in  parallel  polarized  light  and  in  convergeot 
light  the  optic  axis  plane  is  seen  to  lie  in  the  brachypinaooid 
section  (010.)  The  angle  of  the  optic  axes  is  near  90°  and  the 
acute  bisectrix  is  coincident  with  the  vertical  axis,  therefore^ 
in  plates  parallel  to  the  cleavage  the  axes  are  invisible  in  the  air» 
ThomsoniU  (Ozarkile)  also  occurs  in  small  quantities  in  this 
rock  but  needs  no  special  description. 

Brucite  occurs  in  white,  transparent  or  semi-transparent, 
regular,  hexagonal  plates  which  are  generally  about  2mm  in  di- 
ameter but  may  be  found  very  much  smaller.  They  present  a 
laminated  surface  and  show  a  very  decided  cleavage  parallel  to 
the  base.  The  faces  which  have  been  observed  are  OP  (0001),. 
211  (2021)  and  -AR  (0441.)  The  angles  weie  not  measured,  but 
it  is  evident  from  the  appearance  of  the  crystal  that  the  faces 
enumerated  are  those  which  exist. 

In  parallel  polarized  light  a  plate  parallel  to  the  base  (0001) 
becomes  a  dark  gray,  but  shows  variations  of  intensity  in  dififer- 
ent  parts  of  the  plate.  These  variations  arc  emphasized  by  the 
u-e  of  a  selenite  plate.  In  convergent  polarized  light  a  black 
cross  is  observed  which  opens  slightly  when  the  stage  is  re- 
volved. The  size  of  the  optic  angle  in  different  parts  of  the 
plate  is  very  variable  and  the  position  of  the  plane  of  the  optic 
axes  varies  from  one  point  to  another.  By  means  of  a  quarter- 
undulation  mica  plate  the  character  of  the  double  refraction  is  de- 
termined to  be  positive. 

Manganopectolite^  was  first  described  by  the  writer  and 
occurs  as  thick  tabular  crystals  varying  very  much  iu  size,  the 

^  MaagmoofMfktoliih,  eio  neues  pektollth-ahnliches  Mineral  Ton  If agoet  CoTe,  ArktntM^. 
TOD  J.  FrancU  Williims.    Zelt.  fQr  iLryst.  »nd  MioenU.    Raad  XVIII.  1890,  p.  886. 


254 


ANNUAL  REPORT  STATE  QBOLOOIST. 


Calculated. 
84^     42' 
44      25 
50      53 


largest  being  about  10cm  in  length.  The  best  speoimeo  of  this 
rare  mineral  which  has  been  found  was  a  thick  crystal  aboot 
20  '  10x6mm  in  size.  It  was  broken  through  the  center  parallel 
to  the  broader  fa.ce.  la  the  interior  the  crystal  was  perfectly 
transparent  and  of  a  grayish  color,  but  was  iacrusted  with  an 
opaque,  brown  deposit  of  weathered  material. 

The  following  faces  were  observed  and  measured : — 
OP  (001),  ocPdb  (100),  +2P6b  (201),  ooPdb  (010). 

M^^asured. 
(001)  :  (100)    —         84°     42' 
(001)  :  (201)    —        44      26 
(100)  :  (401)    —         50      55 
j^-  84°  42'  and  (he  axis  ratio  when  6  and  c  are  made  to  corre- 
spond with  those  of  wollastonite  is  a  :  6  :  c=1.0534  :  1  :  O.4840. 
It  is  evident  that  a  better  ratio  could  be  obtained  from  a  crystal 
having  faces  other  than  those  in  the  orthodiagonal  zone. 

The  cleavage  parallel  to  OP  (001)  is  very  perfect  while  that 
parallel  to  ocPdb  (100)  is  hardly  inferior  to  it.  The  lustre  on 
the  former  is  mother-of-pearl  and  on  the  latter  silky. 

Hardness 5. 

Specific  gravity 2.845 

A  chemical  analysis  by  the  writer  gave  as  the  mean  of 
three  determinations  the  following  composition  : — 

Analysis  of  manganopectolite. 


CONSTITUENTS. 


Mean. 


Greati>8t  yarUtioD 
from  mvan. 


SiOa... 

Fe.O, 

Al.O, 

OaO.... 

MgO... 

MoO... 

Na.O,. 

H,0... 

OOa  ... 


ToUI. 


53.03 
0.10 


30.28 


0.18 


0.40 


4.25 
8.99 
2.48 
0.82 
99.90 


0.10 
0.08 


>••—•»»••»»— 
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From  a  thin  8e4*.tion  of  this  mineral  it  was  evident  that  it 
tK>ntained  small  particles  of  oaloite  scattered  through  it.  It 
seems,  therefore,  perfectly  proper  to  consider  all  the  carbon  di- 
oxide as  belonging  to  that  mineral  and  to  deduct  it  in  the  form 
of  CdCOj  from  the  analysis  and  to  recalculate  the  latter  to  one 
bundred  per  cent. 

By  comparing  this  corrected  analysis  with  that  of  pectolite 
it  is  evident  that  manganopectolite  is  simply  a  form  of  pectolite 
in  which  a  portion  of  the  calcium  is  replaced  by  manganese.  By 
calculation  it  may  be  shown  that  when  one- tenth  of  the  calcium 
is  thus  replaced  a  composition  is  obtained  which  corresponds 
very  closely  to  that  arrived  at  by  analysis. 

For  comparison  the  composition  as  calculated  from  the 
formula  (^Ca,  ^  Mn ),  NaH  SijO,,  and  the  theoretical  com- 
position of  pectolite  (CajNaH  Si^O,),  are  placed  by  the  side  of 
the  ''  corrected  ^'  analysis. 

Comparison  of  manganopectolite  with  pectolite. 


COSSTrrUENTS. 


810, 

Fe,0, 

CaO « 

MnO 

NaaO 

H,0 

Total. 

CaCOa 

Spec.  Gravity 


• 

o 
O 

CO* 

54.10 
0.10 

29.82 
4.34 
9.16 
2.48 

53.75 

30.06 
4.23 
9.25 
2.69 

100.00 
1.87 
2.845 

100.00 

Sp. 

c 


54.22 


33.74 

0.83 
2.71 


100.00 


(2  74 
.  Gr.K  lo. 
(2.88 


It  is  evident  that  the  material  used  in  this  analysis  was  very 
pure  from  the  fact  that  neither  magnesia  nor  alumina  were 
present  in  weighable  quantities  and  that  the  ferric  oxide  only 
amounted  to  0.10  per  cent. 

The  optic  properties  of  this  mineral  show  its  close  con- 
neotion  with  pectolite  fully  as  completely  as  does  the  chemical 
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analysis.  A  section  parallel  to  the  more  perfect  cleavage 
(001)  showed  parallel  extinction  and  in  oil  in  convergent  light 
the  rings  about  the  optic  axes  were  visible  but  did  not  allow 
of  the  measurement  of  the  axial  angle  about  the  obtuse  bisec^ 
trix.  The  figure  was  perfectly  centered,  showing  that  the 
bisectrix  stood  perpendicular  to  the  base  (001).  The  plane  of 
the  optic  axes  was  at  right  angles  to  the  symmetry-plane  of  the 
crystal. 

Much  difficulty  was  experienced  in  obtaining  a  section 
parallel  to  the  plane  of  symmetry,  that  is,  perpendicular  to  the 
acute  bisectrix,  on  account  of  the  perfect  cleavage  parallel  to  the 
base  (001)  and  orthopinacoid  (100).  After  many  trials  a  section 
was  secured  which  was  near  enough  to  the  required  direction  to 
enable  the  axial  angle  to  be  determined  as  approximately  15^  for 
sodium  light.  The  double  refraction  is  very  strong  and  its 
character  is  positive.  The  dispersion  of  the  red  ray^  is  greater 
than  that  of  the  blue,  />>'^,  and  is  so  strong  that  the  inter- 
ference figure  resembles  that  of  titmite.  Owing  to  the  strong 
dispersion  of  the  axes  that  of  the  acute  bisectrix  is  not  apparent*. 

In  thin  sections  parallel  to  the  base  small  interpositions  of 
calcite  appear  which  are  usually  situated  with  their  principal 
axes  vertical  and  give  very  perfect  uniaxial  figures.  The  forma- 
tion of  these  interpositions  was  probably  nearly  contemporaneous 
with  that  of  the  manganopectolite  itself,  for  in  some  cases  they 
appear  idioraorphic  and  in  others  they  occur  as  irregular  grains. 
Other  inclusions  are  entirely  wanting. 

The  crystals  weather  in  such  a  way  that  a  brown  coating  of 
manganese  oxide  is  formed  which  is  completely  opaque.  In 
some  cases  this  oxide  of  manganese  has  completely  replaced  the 
manganopectolite. 

Like  pectolite,  this  mineral  must  be  considered  as  a  zeolite 
for  on  being  heated  to  a  115°  C.  it  gives  off  only  0.25  per  cent 
of  water.  When  the  temperature  is  raised  to  a  low  red  heat 
1.15  per  cent  additional  water  is  lost  and  finally  at  bright  red 
heat  it  becomes  anhydrous.  It  is  probable  that  some  of  the  1.1& 
per  cent  lost  at  a  low  red  heat  is  the  0.82  per  cent  carbonic  aoid 
which  the  mineral  contains.     Manganopectolite  dissolves  slowly 
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10  concentrated  hydrochloric  acid  leaving  finely  divided  silica 
behind.  It  melts  to  a  glass  only  at  a  very  high  heat.  The 
spectroscope  shows  the  presence  of  lime  and  sodium  and  a  small 
portion  of  the  mineral  fused  with  sodic  carbonate  gives  the  char- 
acteristic bluish  green  color  of  manganese. 

Eucolite. — According  to  Brogger  (Syenitpegmatitgange^  p. 
489)  all  those  crystals  which  have  the  form  of  eudialyte  and  es« 
sentially  its  chemical  composition,  but  negative  double  refraction 
in  place  of  po8Uivef  are  to  be  considered  eucolUe.  It  appears, 
therefore^  that  the  yellowish  brown  crystals  bearing  a  great  re- 
semblance in  form  and  size  to  eudialyte^  but  which  are  charac- 
terized by  their  negative  double  refraction,  are  to  be  classed 
■nder  this  head.  The  crystals  which  appear  in  the  Arkansas 
rock  are  of  a  much  lighter  brown  or  brownish  yellow  color  than 
those  from  Norway.  The  cleavage  parallel  to  the  base  (0001)  is 
much  more  pronounced  than  in  eudialyte,  but  in  other  direc- 
tions it  is  about  equally  poor  with  that  already  noted. 

The  following  faces  have  been  observed  (fig.  20)  :  c—OiJ 
(0001),  R=+R  (lOTl),  d=-\R  (0112),  (7-00P  (lOTO),  a-  ooP2 
(lOSO).  Some  of  the  angles  between  these  faces  and  the  base 
have  been  measured,  but  the  poor  reflec- 
tions prevent  the  obtaining  of  accurate 
results.  The  angles  recorded  are  prob- 
ably not  nearer  than  from  16'  to  30'  to  the 
true  angles.  Owing  to  these  large  limits 
of  error,  it  is  impossible  to  calculate  any  ne^c^M. 
axial  ratio  for  this  mineral,  but  the  angles  as  measured  do  not 
differ  very  much  from  the  corresponding  angles  of  eudialyte. 

Angle.  Measnred.  Calca'aUd. 

c  :  d  (0001)  :  (0112)  50°  40'  30"  50°  43'     6" 

c  :iJ  (0001):  (101 1)  67    12  67    45    24 

e  :  a  (0901)  :  (1120)  89    53  90 

c  :  g  (0001)  :  (1010)  90    25  90 

The  specific  gravity  taken  in  the  same  way  as  that  of 
cadialyte  gave  2.6244  to  2.6630  at  15°  C.  This  is  extremely 
low,  bat  even  after  bringing  in  a  correction  for  adhering  ortho- 

17  Qaologlciil;  Vol,  ii.,  ISM. 
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clase  (sp.  gr.~2.55 — 2.62)  the  figures  would  not  be  much  higher^ 

Hardness  5  to  6.6. 

In  thin  sections  this  mineral  appears  semi-transparent,  and 
is  of  a  white  to  a  very  light  yellow  color.  In  convergent  polar- 
ized light  a  section  perpendicular  to  the  principal  axis  shows  a 
black  cross  which  when  tested  with  a  mica  plate  establishes  the 
negative  character  of  the  double  refraction  very  plainly.  Mag- 
netite and  segirite  appear  to  be  only  inclusions.  Some  crystals 
were  found  which  were  made  up  of  both  pink  and  yellowish 
brown  material,  and  in  these  cases  it  was  always  found  that  the 
former  was  positive  and  the  latter  negative. 

Wilhelm  Ramsay  in  his  ^'Geologische  Beobachtungen  auf 
den  Halbinsel  Kola""^  has  observed  that,  in  the  eudialyte  of  the 
nepheline  syenite  which  he  describes,  both  positive  and  negative 
as  well  as  isotropic  zones  appear,  but  that  no  difference  in  color 
nor  in  the  indices  of  refraction  between  the  various  parts  was 
detectable.  Ramsay's  observations  were  made  by  means  of  a 
selenite  plate  on  sections,  which  were  slightly  inclined  to  the 
principal  axis,  while  those  on  the  Arkansas  mineral  were  made 
by  means  of  a  quarter-undulation  mica  plate  on  sections  parallel 
to  the  base. 

From  the  low  specific  gravity  and  hardness,  as  well  as  the 
want  of  complete  transparency  in  the  eucolite  crystals,  it  is 
almost  certain  that  these  crystals  are  decomposed  or  weathered 
eudialyte.  To  these  facts  may  be  added  the  observations  that, 
in  cases  where  the  eudialyte  has  begun  to  weather,  it  is  found  in 
the  form  of  pink  grains  surrounded  by  a  soft,  yellowish  brown 
powder,  which  resembles  very  closely  the  eucolite  just  described. 
Moreover,  it  is  probable  that  the  yellowish  coatings  observed  on 
the  surface  of  the  eudialyte  crystals  already  described  are  made 
up  of  this  same  brownish  yellow  mineral.  A  determination  of 
the  amount  of  water  in  a  specimen  of  the  eucolite  would  be  of  use 
in  deciding  the  question  of  its  origin. 

S,     Eieolite  Porphyry. 
Eleolite  Porphyry  is  characterized,  according  to  the  division 


<<  FeoDiii,  Bulletin  de  la  Societ4^  de  :^C>graphl«  dc  Finland,  Tone  til.,  Mo.  7,  pagea 
42  and  43. 
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t>f  rooks  adopted  *  in  this  report,  by  the  occurrence  of  pheno- 
"crysts  of  eleolite  imbedded  in  a  fine-grained  to  aphanitic  ground- 
masSy  consisting  of  eleolite,  tegirite,  etc.,  and  by  the  absence  of 
feldspar  among  the  phenocrysts.  In  cases  where  the  feldspar 
predominates  the  rook  is  considered  to  incline  towards  tin- 
gnaite. 

Eleolite  porphyry  occurs  at  several  points  in  the  Cove  but 
in  scarcely  two  of  them  does  it  appear  in  exactly  the  same  form. 
It  sometimes  appears  as  a  mass  of  yellowish  or  *pinkish  pheno- 
crysts of  eleolite  4  to  5mm  in  size  imbedded  in  a  dark  crystalline 
groondmass.  These  crystals  form  at  least  50  per  cent  of  the 
rock.  In  other  cases  the  eleolite  is  much  less  frequent  in  its 
occurrence  and  is  then  almost  always  of  a  beautiful  pink  color. 
In  such  cases  as  the  preceding  the  groundmass  is  dark  and  dis- 
tinctly crystalline. 

Still  another  variety  of  this  rock  occurs  in  which  the  eleo- 
lite has  become  very  indistinct  and  the  groundmass  has  lost  its 
crystalline  appearance  and  has  become  much  finer  grained.  This 
last  variety  is  very  hornstone-like  in  its  characteristics. 

a.     Coarse-grained  Eleolite  Porphyry. 

When  the  coarse-grained  variety  of  eleolite  porphyry  is  ex- 
amined under  the  microscope  the  porphyritic  structure  is  very 
evident.  The  large  phenocrysts  of  eleolite  are  imbedded  in  a 
groundmass  of  smaller  crystals  of  the  same  mineral  and  of  diop- 
«ide  which  form  a  completely  holocrystalline,  fine-grained  base 
of  a  greenish  color. 

EleolUe  of  the  first  generation  occurs  in  large  hexagonal 
prisms  whose  heighth  and  diameter  are  about  equal.  It  is  of  a 
yellowish  or  pinkish  color  and  shows  the  characteristic  oily  lus- 
tre very  distinctly. 

Under  the  microscope  the  eleolite  crystals  appear  in  hexa- 
gonal or  rectangular  sections  and  are  easily  recognized  by  their 
optic  properties.     They   are   usually    filled   with  innumerable, 

«  Bosenbusch  sUt^t  rMikroscopische  Phjsiogrtphie,  Band  IL,  1887,  p.  285)  that  elaolite 
porphyrj  is  characteriMd  bj  pbcoocrjstii  of  nepheline  and  alkali  foldaptr,  bat  in  this  rock  Uie 
feldspar  has  bMO  reduced  to  a  minimum  and  eleolite  or  nephelioe  crystals  constitute  all  the 
phenoerrstK. 
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small  gas  inclusions  which  take  the  form  of  minate  dots  and 
slender  rods.  The  latter  are  not  more  than  0.007mm  ii> 
length  and  of  about  one-tenth  that  thickness,  while  the  dots 
are  not  more  than  0.0005mm  (one  fifty  thousandth  of  an  inch) 
in  diameter.  These  rods  and  dots  are  all  arranged  in  lines 
parallel  to  the  principal  axis  and  are  so  close  together 
(0.002mm)  that  without  the  use  of  high  magnifying  powers  they 
give  the  appearance  of  a  striation  parallel  to  the  vertical  axis. 
The  smallest  of  these  inclusions  appear  black  owing  to  the  total 
reflection  of  light  which  takes  place  inside  of  them.  In  certain 
zones  inclusions  of  large  size  occur  and  give  a  banded  appearance 
to  the  crystals.  No  liquid  inclusions  have  been  detected  in 
either  the  large  or  small  cavities;  mineral  inclusions  are  likewise 
wanting.  Along  the  cracks  of  the  crystals  decomposition  has 
often  taken  place  with  the  formation  of  the  usual  decomposition 
products. 

EleolUe  of  the  second  generation  is  in  much  smaller  crystals 
than  that  of  the  first  generation,  and  it  also  shows  a  tendency 
towards  idiomorphism.  The  crystals  have,  however,  in  most  cases 
continued  their  growth  after  the  formation  or  the  beginning  of 
the  formation  of  the  diopside  crystals  so  that  although  the  cen- 
ters of  the  crystals  are  clear  and  free  from  inclusions  the  edges 
include  completely  and  partially  formed  crystals  of  diopside. 
Inclusions  like  those  in  the  eleolite  of  the  first  generation  are 
found  also  in  those  of  the  second. 

Diopside  occurs  in  both  idiomorphic  and  allotriomorphio 
crystals  which  appear  under  the  microscope  a  light  yellowish 
green  in  the  center  and  a  darker  green  near  the  outside.  They 
are  comparatively  small  and  show  distinctly  by  their  form  and 
position  that  they  crystallized  after  the  eleolite  of  the  first  gen- 
eration, but  that  their  formation  began  before  that  of  the  eleolite 
of  the  second  generation  ceased.  The  cleavage  and  crystal 
forms  are  as  usual. 

The  diopside  is  very  slightly  pleochroitic  and  its  angle  of 
extinction  is  large;  it  has  been  measured  in  some  cases,  where 
the  crystal  form  was  sufficiently  distinct  to  indicate  the  positioi 
•f  the  vertical  axis,  and  fouid  to  be  as  much  as  46^  to  60^.     No 
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^sensible  dimiDation  of  this  angle  was  observed  near  the  edge.  In 
many  cases  twins  occur  and  they  always  follow  the  law^  twinning 
«nd  composition  plane,  the  orthopinacoid  (100).  In  some  cases 
the  twinning  takes  place  in  such  a  way  that  there  is  only  a  thin 
plate  in  the  twinned  position  included  between  two  portions  of 
the  principal  crystal. 

Mdaniie  occurs  in  small  crystals  which  diflfer  in  no  way 
from  those  already  described  (p.  212). 

BiotUe  is  rare  and  when  present  is  always  of  secondary 
-origin. 

TiianUe  is  common  and  appears  in  comparatively  large, 
idiomorphic  crystals  of  the  usual  form. 

Magnetite  is  scarce. 

The  order  of  succession  in  which  the  minerals  were  formed 
is  as  follows :  Titanite  and  magnetite,  eleolite  of  the  first  genera- 
tion, diopside,  eleolite  of  the  second  generation,  melanite,  biotite, 
•decomposition  minerals. 

A  chemical  analysis  of  this  rock  made  by  the  Survey,  W. 
A.  Noyes,  analyst,  gave  the  following  percents : — 

Analysis  of  eleolite  porphyry. 

8iO, ~ 44.50 

TiO, 1.40 

AlA 22.96 

Fe,0,  (incl.  FeO) 6.84 

CaO 8.65 

MgO 1.66 

K,0 4.83 

Na,0 6.70 

HjO  (loss  on  ignition) 2.06 

Total 99.59 

This  evidently  connects  this  rock  directly  with  the  eleolite 
^syenite  of  the  cove  and  ridge  types  and  not  with  the  Diamond 
•Jo  type. 

b.     Fine-grdined  Eleolite  Porphyry. 
This  form  of  eleolite  porphyry  is  a  dense,  dark  rock  with 
less  frequent  pink  crysals  of  eleolite  and  differs  from  the  rock 
Jost  described  in  the  following  points: — 

The  gronndmas8  contains  orthoclase  in  poorly  defined  crys- 
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tals  which,  together  with  the  secondary  eleolite,  make  up  th& 
most  of  the  mass. 

Much  secondary  biotite  is  found  in  most  of  the  slides  of 
this  variety  of  rock.  It  occurs  in  short,  thick  plates  of  a  brown- 
ish color  and  shows  strong  pleochroism.  It  is  scattered  more- 
plentifully  through   the  eleolite   than   through   the   orthoclase- 

crystals. 

In   many  cases  melanite  has  been  observed.     It  is  oflen 

almost  filled  with  small  eleolite  crystals  which  give  it  a  honey- 
combed appearance.  It  also  occurs  in  smalt,  sharp,  isotropic 
crystals. 

The  crystals  of  the  groundmass  already  mentioned  are  inter- 
mingled with  quantities  of  minute,  green  crystals  (0.004mm  ia 
diameter)  which  are  thick  prismatic  or  irregular  in  form  and  are 
much  rounded  on  the  edges.  They  are  often  grouped  together  in. 
such  a  way  as  to  indicate  the  previous  existence  of  larger  crys- 
tals of  the  same  substance.  These  minute  crystals  have  a  large 
angle  of  extinction  and  little  or  no  pleochroism  and  are  probably 
diopside. 

The  phenocrysts  of  eleolite,  like  those  in  the  preceding- 
rock,  are  often  much  decomposed.  The  most  important  altera- 
tion product  is  cancrinite. 

The  hornstone-like  variety  of  this  eleolite  porphyry  is  the^ 
rock  which  has  already  been  mentioned  (page  177)  as  the  one- 
whose  true  character  is  hard  to  determine  even  under  the  mi- 
croscope. It  oflen  presents  a  bluish  gray,  hornstone-like  appear- 
ance and  on  account  of  a  complete  absence  of  sharp  crystals, 
might  easily  be  mistaken  for  the  metamorphosed  shale  described 
later.  It  may  perhaps  be  described  by  the  name  eleolite  felsite^ 
or  felsitic  eleolite  syenite. 

Its  groundmass  consists  of  an  extremely  fine-drained,  doubly 
refracting  mass  whose  character  cannot  be  definitely  determined 
and  in  which  are  scattered  numberless,  extremely  minute,  color- 
less or  slightly  greenish  crystals  which  probably  represent  the 
small  diopside  crystals  described  under  the  last  rook.  Larger 
prismatic  crystals  of  the  same  mineral  also  occur.  When  closely 
examined  macroscopically  spots  are  observed  in  the  rock  which 
have  a  slightly  pinkish  color  and,  although  not  sharply  defined^ 
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have  a  decidedly  different  appearance  from  the  rest  of  the  rock. 
Under  the  microscope  these  appear  to  be  still  finer  grained  than 
the  rest  of  the  rock  and  to  be  somewhat  purer  in  substance.  It 
is  probable  that  had  the  rock  had  more  time  in  which  to  solidify 
these  spots  would  have  become  eleolite  crystals.  The  rock  on 
the  whole  presents  such  an  appearance  that  it  may  well  be  re- 
garded as  merely  a  more  quickly  cooled  form  of  the  last  described 
rock  which,  had  it  solidified  more  slowly^  would  have  presented 
the  same  form  as  the  latter. 

A  chemica**!  analysis  of  this  rock  made  by  the  Survey^  W. 
A  Noyes,  analyst,  shows  very  distinctly  that  it  belonged  to  the 
igneous  and  not  to  the  metamorphic  rocks  since,  except  in  the 
case  of  a  direct  contact,  it  is  difficult  to  conceive  of  enough 
alkali  being  added  to  a  shale  to  give  it  the  composition  shown 
below.  In  order  that  this  analysis  may  be  compared  with  those 
of  some  of  the  shales  from  the  same  geologic  formation  to  which 
the  eleolite  felsite  must  be  referred  if  it  is  of  sedimentary  origin 
four  analyses  of  shales  made  by  the  Survey,  R.  N.  Brackett, 
analyst,  are  placed  along  with  it. 

Comparison  of  analyses  of  eleolite  felsite  and  certain  shales. 


C'ONSTITUKNTS. 


filOa 

TiO, 

Al,03  

FejO. 

FeS, 

MgO 

KaO 

NajO 

H,0 

NaCl. 

60, 

P.O. 

ToUl. 


ir. 

IIL 

IV. 

1 

Utile 
Rock. 

Rouod 
MounUin 

1      Round 
Mountain. 

56.30 

57.12 

1 

64.04 

V. 


Fort 
Smith. 


23.39 
9.29 
U.2G 
0.36 
1.49 
1.36 
2.76 
5.16 


24.32 
7.69 
0.43 
0.72 
1.74 
2.07 
0.53 
7.58 


100.04 


100.37 


102.40 


21.55 
4.78 
0.26 
0.59 
0.96 
1.56 
0.80 
5.94 


58.43 


22.50 
8.11 
0.29 
0.82 
1.14 
2.18 
1.03 
6.87 


100.48 


100.87 
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I.  Eleolite  Felsite  from  the  ''Ridge,"  100  yards  north  of  Dr. 
Thornton's  house,  Magnet  Gove,  Ark.    Analyzed  by  W.  A.  Noyes. 

II.  Shale  from  the  railway  out  at  the  south  end  of  the  upper 
bridge,  Little  Rock,  Ark.    Analyzed  by  R.  N.  Brackett. 

III.  Shale  from  Round  Mountain,  5  N.,  10  W.,  section  6,  Ark. 
Analyzed  by  R.  N.  Brackett. 

IV.  Dark  gray  shale.  Round  Mountain,  5  N.,  10  W.,  section  6, 
Ark.    Analyzed  by  R.  N.  Brackett. 

V.  Friable,  yellow  shale  800  feet  south  of  rifle  pits  on  '^Nigg^r 
Hill"  south  of  Fort  Smitb,  Ark.    Analyzed  by  R.  N.  Brackett. 

Many  other  rocks  which  are  apparently  similaV  to  this  occur 
(page  196)  along  the  Cove  ridge  and  in  every  case  the  question 
of  their  origin  presents  itself.  It  is  probable  that  in  some  cases 
they  should  be  classed  with  these  felsitic  rocks,  but  there  are  also 
very  many  metamorphosed  sedimentary  rocks  among  them  which 
it  is  difficult  to  distinguish  from  the  felsite  without  the  aid  of 
chemical  analyses  and  microscopic  sections.  These  rocks  have 
been  classed  under  the  head  of  ^^hornstone"  and  will  be  described 
later  among  the  "contact  rocks.'' 

Jf,     Eleolite  Tingudite. 

Eleolite  tinguaite  is  characterized  by  the  occurrence  of 
pbenocrysts  of  orthoclase  or  sanidine  imbedded  in  a  groundmass 
of  feldspar,  eleolite,  etc.*  It  forms  narrow  bands  crossing  '*The 
Ridge''  in  an  east- southeast  direction  at  several  points  whose 
locations  are  described  in  the  preceding  chapter.  It  is  of  a 
gray  or  black  color  and  the  white  orthoclase  phenoorysts  stand 
out  sharply  from  the  groundmass.  The  rock  breaks  easily  and 
shows  a  waxy  fracture.  The  only  phenocrysts  which  have  been 
observed  are  large  orthoclase  crystals  which  not  uncommonly 
reach  a  diameter  of  20mm,  but  vary  much  in  size  in  the  different 
specimens.  They  are  always  thin  tabular  parallel  to  the  clino- 
pinacoid  (010)  and  thus  resemble  sanidine,  but  they  are  opaque 
and  of  a  white  color  and  do  not  possess  the  characteristically  glassy 
appearance  of  sanidine.  Under  the  microscope  the  rook  appears 
porpbyritic  and  shows  a  fine-grained,  allotriomorphic  granular 

<'  Uuder  the  head  of  "Elicolithsycoitporpbyre"  (Mlk.  PhTt.,  R.  II.,  1887,  p.  IM) 
Kosenbusch  meuiions  a  rock  from  the  Pesoaeda  Mt.,  Tyrol,  deacribed  by  I>51ter  (Jahrb.  k.  k. 
KeichaaostaU,  Band  XXV.,  187o,  p.  220^  in  which  mach  the  same  order  of  cryitalliatioa 
observed. 
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groundmass  in  which  are  imbedded  the  phenocrysts  of  sanidine 
and  which  itself  consists  of  a  confused  mixture  of  sanidine,  eleolite 
and  secondary  mica^  with  here  and  there  some  of  the  bisilicates. 

Orthodase  (sanidine)  of  the  first  generation  varies,  as  has  been 
stated  above,  between  wide  limits  in  point  of  size,  but  in  all  eases 
it  has  the  same  general  characteristics.  The  only  faces  which 
have  been  observed  on  it  are  OP  (001);  cv  Pol  (010);  ocP  (110) 
and  -f-Pc»  (101). 

Under  the  microscope  it  is  usually  only  semi-transparent  and 
shows  the  ordinary  cleavage-planes  and  angle  of  extinction  of 
potash  feldspar.  In  convergent  polarized  light  it  shows  a  very 
small  optic  angle  which,  although  it  has  not  been  measured,  is 
evidently  not  over  10  or  15  degrees  in  ordinary  light.  The 
plane  of  the  optic  axes  in  all  cases  which  have  been  observed, 
lies  parallel  to  the  clinopinacoid.  The  crystals  are  very  free  from 
all  kinds  of  mineral  inclusions  but  they  contain  both  liquid  and 
gaseous  inclusions  in  small  quantities.  Twins  according  to  the 
Carlsbad  law  are  not  uncommon  although  the  single  crystals  pre- 
dominate. 

It  is  evident  from  the  above  mentioned  characteristics  that 
the  feldspar  is  sanidine  rather  than  orthoclase. 

Orthodase  {sanidine)  of  the  second  generation  appears  only 
under  the  microscope  and  is  invisible  to  the  naked  eye.  It  forms 
irregularly  bounded  crystals  which  are  usually  filled  with  inclus- 
ions of  secondary  biotite  and  dust-like  magnetite.  It  may  be 
recognized  as  potash  feldspar  by  its  characteristic  cleavage, 
extinction  and  behavior  in  polarized  light.  The  individual  crys- 
tals of  this  mineral  which  form  the  grouodmass  are  so  massed 
together  that  every  indication  of  crystal  form  is  lost  where  they 
join  each  other;  where  they  come  in  contact  with  the  residual 
groundmass  they  are  corroded  and  eaten  away  until  no  exterior 
crystal  form  remains.  They  are  often  0.5mm  in  diameter  and 
form  a  good  part  of  the  groundmass,  the  rest  of  which  consists  of 
smaller  crystals  of  potash  feldspar,  which  are  evidently  of  a  still 
later  formation,  and  which  contain  even  more  biotite  and  other 
impurities. 

Eleolite  (nephdine)  is  very  scarce.     There  are  a  few  small 
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crystals  of  caocrinite  in  the  groandmass  which  may  have  been 
derived  from  eleolite  and^  in  a  few  instances,  the  nndecomposed 
mineral  has  been  observed  surrounded  by  decomposition  pro- 
ducts. The  nndecomposed  material  gave  a  uniaxial  cross  and 
negative  double  refraction.  The  amount  of  sodiam  present 
indicates  either  that  the  feldspar  is  very  rich  in  that  element  or 
that  some  sodium  mineral  is  present  in  appreciable  quantities. 

Secondary  biotite  occurs  scattered  through  the  feldspar  of 
the  second  er  third  generation  in  the  form  of  irregular  plates  of 
a  reddish  brown  color.  It  is  probably  due  to  the  decomposi- 
tion of  some  original  bisilicate.  The  plates  are  usually  either 
very  small  (0.05mm)  or  else  they  are  completely  honey-combed 
in  their  structure  and  include  the  light  colored  silicates  within 
their  borders. 

Secondary  magneiUe  appears  in  the  form  of  long  rods  and  in 
irregular  masses  which  often  indicate  by  tiieir  arrangement  some 
decomposed  bisilicate. 

A  chemical  analysis  of  this  rock  was  made  by  the  writer 
with  the  following  results : — 

Analysis  of  eleolite  tingudite. 

SiO, 53.76 

TIO, none 

AlA 28.21 

Fefi, 1.27 

FeO 3.18 

CaO 2.W 

SrO 0.04 

MdO none 

MgO 0.23 

Kfi 7.01 

Na,0  6.97 

LljO trace 

CI ^ 0.02 

P2O5 trace 

Lesson  ignition 1.71 

Total 100.34 

The  above  analysis  shows  that  the  rock  is  entirely  free  from 
titanium  and  associated  elements,  but  the  large  amount  of  alkali 
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present — nearly   14    per  cent — shows  its    probable  association 
with  the  syenitic  rock.    - 

Taken  as  a  whole  the  rock  is  very  unsatisfactory  from  a  pet- 
rographic  point  of  view.  With  the  exception  of  the  large  pheno- 
crysts  of  orthoclase  (sanidine)  and  in  a  few  instances  of  the 
eleolite  no  crystals  appear  which  are  well  defined  or  distinctly 
characterized.  Were  it  not  for  the  great  size  of  the  phenocrysts 
and  of  tha  close  correspondence  of  the  chemical  analysis  with 
that  of  the  eleolite  syenite  (Diamond  Jo  type)  and  of  the  leucitc 
syenite  dike  rocks,  the  rock  would  be  considered  a  meta- 
morphosed sedimentary  bed,  but  for  the  reason  just  stated  it  is 
classed  in  the  group  of  the  tinguaites. 

C.    Leucitic  Dike  Rocks. 

1.     Leueite  Syenite  Dike  Rock.^ 

The  leueite  syenite  dike  rock  as  it  occurs  in  the  Magnet 
Cove  region  is  a  hypidiomorphic  granular  combination  of  pseudo- 
leucite^t  eleolite,  orthoclase,  and  basic  silicates,  which  presents  a 
more  or  less  perfect  granitic  structure  and  is  genetically  con- 
nected with  the  eleolite  syenite  dike  rocks. 

This  exceedingly  rare  and  as  yet  almost  unstudied  rock 
forms  a  comparatively  large  mass  in  Magnet  Cove  and  is  directly 
associated  with  the  eleolite  syenite  of  the  Diamond  Jo  type 
(p.  233).  It  is  macroscopically  distinguished  by  the  large 
pseudolencite  crystals  which  are  imbedded  in  a  finer  grained 
gronndmass  and  give  a  very  characteristic  appearance  to  the 
rook.  This  groundmass  consists  principally  of  eleolite,  black 
garnets  and  feldspar  all  of  which  arc  easily  distinguished  with- 
out the  use  of  a  glass.  The  difference  in  the  size  of  the  pseu- 
dolencite crystals  and  the  other  constituents  in  many  cases  gives 
to  the  whole  a  somewhat  porphyritic  appearance  although  a  true 

«  Bownbusch  (Mik.  Phys.,  Band  il.,  1887,  p.  607)  states  that  it  U  one  of  the  most  ntrik- 
iog  facta  in  Ui«  whole  field  of  petrography  that  the  mineral  ieucite,  which  so  far  as  is  known 
ocean  only  in  the  younger  eruptive  rocks,  wa^  not  formed  until  the  later  perlo<l.'4  of  the  earth'.^ 
history. 

t  The  term  pseudoleucUe  is  used  to  designate  that  mioeral  which  occurs  sy  plentifully  in 
thiarock  and  which  is  bounded  by  crystal  faces  showing  that  it  was  once  a  leueite  cryMik 
althoagh  no  particle  of  the  original  leueite  substance  now  remains. 
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porpbyritic   structure   is  not  observed  in  typical  specimens  of 
ibis  rock. 

Microscopically  the  groundmass  in  which  the  pseadoleucites 
lie  18  seen  to  be  somewhat  porpbyritic^  in  that  the  eleolite 
t^rystals  are  large  and  idiomorphically  bounded  and  lie  in  a 
hypidiomorphic  granular  groundmass  of  melanite,  diopside  and 
smaller,  idiomorpbic  eleolite  crystals. 

PseudoleucUe  forms  large,  icositetrahedral  crystals  often  5cm 
iu  diameter.  The  larger  of  these  are  usually  rough  on  the  out- 
ride and  indicate  that  they  have  been  strongly  acted  upon  by 
decomposing  agent^^.  They  are  covered  with  a  light  yellow  to 
dark  brown  coating,  but  when  broken  usually  show  a  white 
interior  with  small  crystals  of  magnetite  and  pyroxene  dissem- 
inated through  them.  Eleolite  is  occasionally  imbedded  in  them 
and  forms  quite  large,  idiomorpbic  individuals.  In  some  cases 
it  has  been  found  lying  half  in  a  crystal  and  half  in  the  matiix. 
The  rough  exterior  coating  of  the  pseudoleucites  is  seen  either 
macroscopically  or  with  the  aid  of  a  magnifying- glass  to  be  made 
up  of  orthoclase  (sanidine)  crystals  which  lie  with  their  longer 
sides  parallel  to  the  edges  of  the  deloid  faces  of  the  ioositetra- 
hedron.  On  closer  examination  these  long,  apparently  prismatic 
t;rystals  are  found  to  be  the  edges  of  thin,  tabular  crystals  which 
lie  with  their  symmetry-planes  (010)  perpendicular  to  the 
icositetrahedral  faces  (see  below). 

Under  the  microscope  the  pseudeleucites  are  found  to  consist 
of  a  network  of  small,  allotriomorphieally  bounded,  tabular  or- 
thoclase crystals  which  are  generally  arranged  in  radial  forms  and 
which  are  often  interspersed  with  small,  allotriomorphic  eleolite 
t;rystals  and  idiomorpbic  pyroxenes. 

It  is  common  to  find  the  orthoclase  (sanidine)  crystals  lying 
with  their  symmetry-planes  at  right  angles  to  the  edge  of  the 
section  and  hence  forming  a  sort  of  palisade  about  the  edge.  In 
a  medial  section  from  a  5om  crystal  this  palisade  structure  was 
very  apparent  and  inside  of  it  radiate  masses  of  feldspar  were 
found.  These  radiate  masses  are  so  closely  bunched  together 
that  there  is  very  little  intermediate  space  lefc  and  consequently 
the  only  conspicuous  mineral  in  the  section  is  orthoclase.    Eleo- 
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lite,  or  rather  its  decomposition  product,  caDcrinite^  is  often 
■oticed  in  very  small  grains  included  between  the  feldspar  crys- 
tals. In  the  fresher  specimens  it  seems  to  form  about  one-fourth 
of  the  whole  mass.  In  some  sections  the  eleolite  becomes  quite 
conspicuous  and  in  some  cases  even  forms  lar^e  macroscopic 
crystals. 

The  orthoclase  (sanidine)  individuals  in  the  radiate  masses 
of  the  above  mentioned  medial  section  of  pseudoleucite  when 
viewed  in  parallel  polarised  light  are  found  to  extinguish  con- 
secutively and  thus  to  have  a  spheroidal  structure.  The  ortho- 
clase (sanidine)  is  nearly  opaque,  white  and  shows  a  distinct 
basal  cleavage.  It  is  sometimes  twinned  according  to  the  Carls- 
bad law  although  single  individuals  are  the  more  common. 

The  eleolite  appears  in  a  few  cases  as  large,  yellowish^  idio^ 
morphic  crystals^  but  is  as  a  rule  only  detectable  through  its  de- 
composition products.  These  may  be  etched  with  hydrochloric 
acid  and  stained  with  fuchsine,  but  the  results  obtained  are  not 
very  satisfactory. 

Pyroxene  exists  in  poorly  defined,  greenish  prisms  which 
were  at  one  time  idiomorphically  bounded  but  which  have  since 
then  been  entirely  altered  about  the  edges  into  secondary  pro- 
ducts. From  its  color  and  extinction  it  is  probable  that  it  is 
legirite.  At  best  it  is  very  scarce  and  in  the  fresher  crystals  is 
often  entirely  wanting. 

Minute  grains  of  magnetite  have  been  observed. 

In  order  to  obtain  an  idea  of  the  chemical  constitution  of 
these  most  interesting  pseudomorphs  some  of  the  freshest  crystals 
were  selected  from  the  same  rock  from  which  the  material  was 
obtained  for  the  complete  analysis  (see  later). 

The  analysis  was  made  by  the  writer  and  was  divided  into 
two  parts  as  follows:  The  portions  of  the  crystals  which  were 
soluble  and  insoluble  in  hydrochloric  acid  were  analyzed  sepa- 
rately and  a  total  analysis  was  afterwards  made  as  a  control  of 
the  sum  of  these  results.  The  method  of  treatment  was  that 
used  and  described  at  length  by   Rammelsberg  in  his  analyses  of 
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eimilar  crystals  from  old  Vesuvius  lava,* 

The  results  of  these  partial  analyses  and  the  sums  of  their 
tliSerent  components  as  well  as  the  check  total  analysisare  given 
below. 


Table  of  analyses  of  pseudoleucUe. 


ARKANSAS. 

(Willams.) 

Check 
analysis 

55.06 

24.88 

0.59 
trace 

1 

1 

MT.  VESUVIV-*. 
(Bammelsberg.) 

CX)N8TITUENTS. 

Soluble 
part. 

16.03 

13.27 

0.38 

trace 

0.08 

1.92 

0.38 

trace 

(1.78) 

Insolu- 
ble part 

(89.03) 

11.99 

0.27 
trace 
0.20 
S.42 
1.22 
•  trace 

•  ••■ . 

Sum. 

Material  from     From  Profenor 
Prof.  Scacchl.    '  Mitacherliefa. 

Sol. 

losol. 

Sol. 

iBSOl. 

WOa 

AlaO,  i 

(55.06) 
25.26 

0.60 
trace 

0.28 
10.34 

7.60 
trace 
(1.78) 

1 

18.89      (S9i»l) 

! 

12.11   1     11.69 

24.00 

12.47 

0.71 

(84.78) 
11.58 

FcaO, } 

CaO 

^rO 

0.56 

0.40 

•••»*«  «••««« 

MtfO 

K-O- 

0.17 
4.10 
5.50 

1 

6.84 
0.80 

2.86 
5.25 

8.64 

XujO 

tracs 

LiyO 

HjO  (ignition) 

1.78 

•••••• •«•-  •■ 

•••■•••••«•• 

Total   

39.79   1 
38.82 

G1.13 
GI.18 

100.92 
100.00 

40.83 

59.14 

45.29 

KM 

1 



])y   actual  woi^ht 

Siim«99l97                      100.29 

'^  The  finely  powdered  nia'orial  was  digested  on  a  sand  bath  for  several  hours  with 
dilute  hydrochloric  acid  and  from  time  to  time  concentrated  acid,  in  small  quantities,  wa» 
;idded  until  the  fluid  had  attained  a  concentration  of  about  1  to  1.  The  liquid  was  then  diluted, 
filtered  through  a  quantitative  filter,  thorougbl/  washed  and  the  residue,  filter  and  all,  was 
digested  for  one  hour  with  a  strong  solution  of  sodic  carbonate  in  order  to  remoye  any  silica 
which  was  separated  by  the  action  of  the  hydrochloric  acid.  The  liquid  was  filtered  and  the 
trea' men t  with  sodiccarl>onatc  was  repeated  and  the  liquid  was  then  again  filtered  and  was 
found  to  contain  Httin  or  no  additional  silica.  The  residue  was  very  thoroughly  washed  with 
Water  and  dilute  hydi-ochloric  acid  to  remove  all  traces  of  the  sodic  carbonate  and  was  tbea 
dried,  ignited  and  weighed.  The  sodic  carbonate  extractions  were  acidified  with  hydrochloriG 
acid  and  evaporated  to  dryness,  heated  to  12t'^C.  in  an  air  bath,  taken  up  with  a  few  drops  of 
iiydrochloric  acid,  filtered,  dried,  ignited  before  the  blast  lamp,  weighed,  treated  with  hydro- 
Huoric  acid  and  weighed  again. 

The  filtrate  from  the  digestion  with  hydrochloric  acid  was  evaporated  to  dryness 
weighed  as  above,  and  the  amount  of  silica  found  was  added  to  that  from  the  aodlc  oarbooi te 
treatment  and  considered  as  the  silica  of  the  soluble  portion  of  the  mineral.    The  filtrate  from 
the  silica  of  the  hydrochloric  acid  digestion  was  then  analyzed  for  iron,  alumina,  lime,  atron- 
tia,  magnesia,  potash,  soda  and  lithia. 

The  insoluble  portion  after  being  weighed  was  dissolved  in  sulphuric  and  hydrofiootie 
acids  and  a  determination  made  of  everything  except  silica  which  could  be  estimated  only  by 
difTerence.    (Poggendorf^  Annalen.  Band  XCV.,  p.  142). 
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Id  order  to  compare  the  analyses  of  the  Arkansas  material 
with  those  made  by  Rammelsberg  of  the  two  specimens  of  the 
similar  minerals  from  the  old  Vesuvius  lavas  which  were  sent 
him  by  Professors  Scacchi  and  Mitscherlich  these  two  series  of 
analyses  are  placed  in  one  table. 

The  quantities  enclosed  in  parentheses  were  not  directly  de- 
termined in  the  columns  where  they  appear,  but  were  either  only 
determined  once  for  all  or  they  were  determined  as  the  difference 
between  the  sum  of  all  the  constituents  and  one  hundred.  All 
the  water  or  loss  on  ignition  in  the  analyses  of  the  Arkansas 
material  was  placed  under  the  soluble  part,  because,  as  the  in- 
iK)luble  part  was  heated  before  the  blabt  lamp  previous  to  analy- 
sis, it  was  impossible  to  determine  its  water. 

If  the  results  of  the  partial  analyses  of  the  pseudoleucites 
from  Magnet  Cove  be  recalculated  to  100  per  cent,  they  are 
found  to  approach  very  closely  to  the  composition  of  eleolite  and 
orthoclase  respectively. 

For  the  sake  of  comparison  analyses  of  crystals  of  eleolite 
and  orthoclase  are  placed  with  the  recalculated  partial  analyses 
of  the  pseudoleucite  from  Magnet  Cove. 

Table  showing  similarity  of  partial  analyses  of  pseudoleucite  to 

analyses  of  eleolite  and  orthoclase. 


T. 

1 

11. 

III. 

IdsoI.  pait  of 
pseudoleucite. 

IV. 

CONSTITUENTS. 

Sol.  part  of 
p«eudoleucite. 

Eleolite  from 
Magnet  CoTe. 

Orthocla5e  from 
Brazil. 

SiO, 

42.18 

»4.i<0 

'              O.S4i 

tract' 

0,21 

s.w; 

16.7;> 
! (<^) 

44.4i; 
c  30.»7  1 
(    2.00  J 
O.fHJ 


W.S4 

ly.iii 

0.44 
truce 

n.:ia 
13.7> 

2.00 

G3.84 

AI.O, J 

t>,o, ) 

CaO 

SrO 

19.24 
041 

MgO 

KaO- 

Na,0 

H.O 

13  01 
0.1)5 

' 

i2.6i; 

2.44 

o.:{r> 

.•••••.•.....,.... ^  / 

ToUI 

100.00 

100.65 

100.00 

98.08 

*  Tbe  water  was  omitted  from  the  analysis  of  this  part  because  there  wus  do  cerlsiotf 
that  it  belonged  here  and  the  analrsis  was  brought  to  100  per  cent  without  it. 
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I.  Soluble  portion  of  pseudoleucite  crystals  from  Magoet  CoTe^ 
Ark.,  recalculated  to  100  per  cent.     (Eleolite.) 

II.  Eleolite  from  Magoet  Cove,  Ark.  Analyzed  by  Smith  and 
Brush.  Am.  Jour.  8ci.,  Series  :2,  Vol.  XVI.,  1853,  p.  371.  (See  pa^ 
210). 

III.  Insoluble  portion  of  pseudoleacite  crystal  from  Magoet 
Ck)ve,  Ark.,  recalculated  to  100  per  cent.    (Orthoclase.) 

IV.  Orthoclase  from  Brazil.  Analyzed  by  v.  Hauer  (Kenogott't 
Uebernichte,  etc.,  1856-7,  p.  106.  Cited  after  Descriptive  Mineralogy, 
by  J.  D.  Dana,  1868,  p.  357). 

It  is  evident  from  the  above  analyses  that  the  soluble  and 
insoluble  parts  may  well  be  considered  as  consisting  of  eleolite 
and  orthoclase  respectively. 

F.  A.  Genth  of  Philadelphia  made  the  first  analysis  of  this 
pseudomorphic  material  from  Magnet  Cove  and  theresalts  of  hit 
examination  were  published  by  G.  F.  Kunz  in  a  paper  entitled 
''A  pseudomorph  of  feldspar  after  Ieucite(?)  from  Magnet  Cove^ 
Arkansas."* 

In  this  paper  Kunz  describes  the  mineral  as  it  occurs  in  its 
most  weathered  form.  It  was  of  such  a  crystal  that  Genth  made 
his  analysis,  and  consequently  his  results  correspond  more  nearly 
with  the  analysis  of  similar  material  from  Oberwiesenthal  and 
Yogelsberg  than  with  those  of  fresh  material  from  the  Arkansas 
rock. 

It  is  apparent  that  the  material  which  Genth  analyzed  is 
very  unlike  that  used  by  the  writer  in  his  experiments  and  hence 
DO  direct  comparison  between  the  two  can  be  made.  Both  specie 
mens  show,  however,  that  leucite  h  the  mineral  from  which  the 
pseudoraorphs  were  formed.  These  analyses  show  that  eleolite 
is  present  in  much  smaller  quantities  in  the  large,  much  decooi- 
l)08ed  crystals  than  in  the  smaller,  fresh  ones  and  with  this  concia* 
sion  the  results  obtuined  from  the  optic  examination  entirely 
agree. 

The  result  of  Genth's   analyses,   which  he  compares  witk 

•  Proce«diogi  of  the  A.  A.  A.S..  Vol.  XXXIV.,  Ann  Arbor  neellnff.    1885.    SsltB, 
Mm8.,  1886,  pp.  243-246. 

Alto  Am.  Jour.  Sci.,  Series  3,  Vol.  .\XXr..  1886,  p.  74. 
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tbose  of  BergemanD*  from  Oberweisenthal  and    Knopf   fron» 
Vogelsberg,  are  as  follows: — 

Analyses  of  altered  leuciie  from  various  localities. 


OONSTITUfcKTS. 


SiOa 

Fe,0. 

MgO 

NaaO 

H,0-.. 


Magnet  Core. 
Genth  (*) 


OberwieBenihal 
Bergemann.  (t) 


M.77 
22.18 
0.44 
•.05 
1S.91 
0.36 
2.95 


100.61 


60.46 
22.11 

1.22 

18.53 

0.51 


Vogelsberg. 
Knop. 


56.CI 

22.92 

2.88 


98.81 


13.65> 

2.95' 

CaO     1.69 


{*)  Tha  meaa  of  Oenth'a  two  analyses  only  is  given. 

(t)  Kunz  probably  took  this  analysis  from  Dana's  Mineralogy,  1868.,  p.  384.  Bergemann 
•statea  that  1.217  per  cent  of  water  was  given  oflT  on  ignition.  He  considers  the  ferric  oxide 
(FetOj)  an  impurity  but  retains  the  ferrous  oxide  (FeO)  In  the  analysis.  Bergemann  treated 
the  ooanely  powdered  material  with  very  dilute,  cold  hydrochloric  acid  and  obtained  5.96  per 
cent  soluble  and  93.86  per  cent  insoluble  matter.  The  analysis  given  above  is  the  sum  of  the 
analyses  of  theae  two  pDftions.  Rammclsberg  in  quoting  this  analysis  (Mineralchemie,  1875, 
p.  444)  gives  the  iron  as  oxide  (FeaOa— 2.20)  and  adds  ia  the  1.22  per  cent  of  water  (HaO— 1.22> 
making  a  total  of  101.26. 

(I)  FeaOr- 1.98  should  read  FeO— 1.98. 

The  crystal  which  was  analyzed  by  Genth  was  ezaminecF 
optically  by  6.  P.  Merrill  of  Washington  and  the  description  of 
the  sections  studied  by  him  correspond  in  all  particulars  with 
observations  made  by  the  writer  on  the  medial  section  of  the 
large,  decomposed  crystal  mentioned  above.  Merrill  (see  paper 
by  Kunz,  p.  244)  says: — ''From  my  examination  of  the  thin  sec- 
tion I  find  the  structure  quite  homogeneous,  but  spherulitic, 
nearly  the  entire  mass  being  made  up  of  the  small,  spherulitic 
bodies  shown  in  the  photograph  (not  reproduced).  These  bodies^ 
which  are  a  millimeter,  or  upwards,  in  diameter,  consist  of  a 
centra],  nearly  colorless,  mass,  non-dichroic,  but  giving  the- 
|)olarization  of  an  aggregate  in  faint,  iridescent  colors.  Thi9 
center  is,  in  many  cases,  stained  yellowish  by  metallic  oxides.. 
Beyond  the  center  is  a  zone  consisting  of  radiating,  columnar- 
bodies  of  indefinite  outline,  giving  no  colors   between  crossed 


*  Ueber    elne  Paeudomorphie  dee  Leucits,  von   C.  Bergemann. 
Ghemif  I  Band.  LXXX.,  1860,  p.  418. 

t  Jahrboch  f.  Mineralogie,  Jahrg.  1865,  p.  485. 
18  Otblogieal;  Vol.  U.,  1890. 
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nicols  but  showing  their  greatest  extinctioo  nearly  always  paral- 
lel to  lines  drawn  from  the  center  of  the  spheralite  toward  the 
circamference.  The  spaces  between  these  columnar  bodies  are 
filled  with  the  same  colorless  aggregate  as  the  central  portions  of 
the  spherulites.  These  last^  it  may  be  stated,  are  not  in  all  casee 
spherical  in  outline,  but  often  irregularly  elongated,  having 
evidently  interfered  with  one  another  in  process  of  formation. 
Those  towards  the  center  of  the  crystal  are  most  elongated, 
while  those  toward  the  outer  portion  of  the  crystal  are  less 
closely  compacted  and  hence  possess  a  circular  outline,  as  seen 
in  the  plate.  The  difference  in  shape  is,  so  far  as  I  can  deter- 
miue,  the  only  distinguishing  feature  between  the  outer  crust  of 
the  pseudomorph  and  the  more  compact  interior. 

"What  I  have  written,  you  perceive,  furnishes  no  clew  what- 
ever as  to  what  the  original  mineral  may  have  been,  and  I  am 
able  to  obtain  no  measurement  of  extinction  or  crystallographic 
angles  that  shall  help  me  in  the  least.'^ 

In  the  conclusion  of  the  paper  Kunz  suggests  that  from  the 
fact  that  the  outer  shell  of  these  crystals  breaks  off  easily  tbey 
may  be  alterations  of  garnets  and  adds  that  the  point  of  break* 
ing  may  be  the  point  of  contact  of  the  garnet  with  schorlomite 
which  is  usually  inclosed  in  it.  He  says,  however,  that  the 
similarity  between  the  analysis  of  this  material  and  that  made 
by  Bergemann  of  a  feldspar  pseudomorph  (closely  resembling 
oligoclase  in  composition)  after  leucite  from  the  Oberwiesenthal 
in  Bohemia  (I.  c.)  suggests  very  strongly  the  identity  of  the  two 
minerals  and  the  derivation  of  the  Magnet  Cove  pseudomorph 
from  leucite.  Kunz  then  suggests  the  possibility  of  the  existence 
of  large  quantities  of  this  mineral  at  the  Cove  (See  page  208). 

An  occurrence  of  crystals  similar  to  the  pseudoleucites  has 
been  described  by  Hussak  *  from  Brazil  in  a  letter  to  the  editor 
of  the  the  Neues   Jahrbuch  flir  Mineralogie. 

The  groundmass  of  the  leucite  syenite  resembles  very 
closely  the  eleolite  porphyry  already  described  (See  p.  259),  It 
is   a  hypidiomorphic  granular  mixture  of  eleolite,    orthoclase, 

*  Ueb«r  Leucit-Pseudokryatalle  Im  Phonolith  (Tingualte)  der  Sem  de  Tiajnia,  EsUdo 
Riode  Janeiro,  Brazil,  Ton  E.  HuMak.  N.  Jahrb.  fOr  Mineralogie.  JahigaDg  1890,  Band 
I,y.l67. 
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pyroxene,  biotite  and  melanite  in  which  the  eleolite  is  by  far  the 
most  prominent  member.  It  appears  as  phenocrysts  in  a  fine- 
grained base  consisting  of  smaller,  idiomophic  eleolite,  biotite 
and  melanite  crystals. 

Eleolite  occurs  in  idiomorphic  crystals  of  a  short  prismatic 
form  and  differs  in  no  respect  from  that  already  described.  In 
inclusions  and  decomposition  products  it  is  also  identical  with 
other  eleolite  crystals.  Their  size  is  the  only  indication  that 
the  crystals  are  of  a  younger  generation  than  the  larger 
<;rystals  since  they  are  idiomorphic  in  form. 

Orthoolaae  is  scarce  and  appears  in  small  translucent  crys- 
tals tabular  parallel  totheclinopinacoid  (010)  which  are  generally 
twinned  according  to  the  Carlsbad  law.  The  optic  axis  angle 
is  rather  small,  but  not  as  small  as  that  usually  found  in  sanidine 
and  as  the  glassy  appearance  is  entirely  wanting  the  mineral 
may  better  be  classed  as  orthoclase  than  as  the  latter. 

Sodalite  has  not  been  observed  under  the  microscope  but 
from  the  amount  of  NaCi  (0.64  per  cent)  which  was  found  in 
the  chemical  examination  of  the  rock  it  is  probable  that  it  is 
present  although  not  optically  distinguishable. 

Pyroxene.  Two  minerals  which  belong  under  the  head  of 
pyroxene  have  been  observed;  the  more  important  of  these  is  a 
comparatively  large-grained  diopside  which  shows  considerable 
pleochroism  and  is  generally  bounded  by  a  darker  green  band. 
Its  angle  of  extinction  is  usually  about  40^  and  in  other  respects 
its  characteristics  correspond  very  closely  to  those  of  the  same 
mineral  described  in  other  rocks  from  the  same  locality. 

^girite  also  occurs  iu  small  crystals  which  are  of  a  decided 
green  color  under  the  microscope  and  show  a  small  angle  of 
extinction.  It  is  evident  that  these  crystals  are  of  late  formation 
and  are  probably  of  secondary  orgin.  In  some  cases  they  show 
very  distinctly  th^t  they  have  been  formed  by  the  decompo- 
sition of  the  diopside. 

Bioiite  occurs  in  thick,  irregularly  bounded  plates  which 
seldom  exceed  one  millimeter  in  diameter.  They  show  the 
corrosive  action  of  the  magma  in  which  they  were  formed  and 
are,  also,  often  much  decomposed  about  the  edges. 
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Melaniie  is  fouDd  in  varying  quantities  in  the  .different 
specimens.  In  some  it  is  almost  entirely  wanting  while  iiv 
others  it  forms  a  very  important  factor.  It  is  of  a  rich  brown 
or  yellowish  brown  color^  decidedly  zonal  in  its  strnctare  and 
isotropic  in  its  optic  properties.  It  is  usaally  idiomorphically 
bounded  and  is  often  penetrated  by  eleolite  crystals  causing  it  to 
present  a  decided  ocellar  structure.  In  some  oases  more  than, 
half  the  area  inclosed  within  the  boundaries  of  the  section  con- 
sists of  melanite  material* 

TUaniie  in  idiomorphic  crystals  and  magnetite  in  small 
grains  are  common.     Pyrite  also  often  occurs. 

The  decomposition  products  common  to  the  eleolite  syenite 
occur  in  considerable  quantities.  Thus,  cancrinite,  calcite,  and 
undetermined  zeolites  are  often  present  in  large  numbers. 

From  the  following  chemical  analysis  (i)  the  leucite  syenite 
dike  rock  is  seen  to  be  very  closely  allied  to  the  eleolite  syenite 
of  the  Diamond  Joe  type  (ii).  In  order  to  show  this  similarity 
the  two  analyses  are  placed  side  by  side. 

Comparison  of  analyses  of  leucite  syenite  and  eleolite  syenite  from 

Magnet  Cove. 


CONSTITUENTS. 


SiO... 
TiO,  . 
Al.Oa 
Fe^Oa. 


I. 


Leucite  syenite 
dike  rock. 


FeO. 


FeS..'.. 
MnO. 


50.96 
0.52 

19.67 
7.76 


CftO. 


MgO.. 
K2O... 
Na,0. 

NaCl. 


SOs. 


Lou  on  ignition  incl.  COg m... 

ToUl 


Trace 

4.88 

0.86 

6.77 

7.67 

0.54 
Trace 

1.38(*) 


100.01 


IL 


Eleolite  syenite 
dike  rock. 


53.88 


20.22 
1.56 


1.99    W.95 
1.77   J 


FejOs 


Trace 
3.29 
0.29 
6.21 
7.89 
(?) 


S.48 


100.08 


(«)  Material  dried  at  ISS"  C. 
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I.  Leooite  syenite  from  near  Diamond  Jo  quarry,  Magnet  Ck)ve, 
«naly.  by  W.  A.  Noyes. 

n.  Eleolite  syenite  from  Diamond  Jo  quarry,  Magnet  Cove, 
«naly.  by  R.  N.  Brackett.    (See  page  238). 

The  silica  of  the  leucite  syenite  is  two  and  a  half  per  cent 
lower  than  that  of  the  eleolite  syenite,  bnt  the  other  constituents, 
and  especially  the  alkalies,  are  present  in  such  nearly  equal 
^aantities  that  it  is  probable  that  the  two  rocks  were  formed 
from  the  same  magma. 

This  view  is  further  substantiated  by  the  fact  that  the  two 
Tock  pass  into  each  other  without  showing  any  line  of  separation 
whatever.  In  the  large  block  of  stone  west  of  the  Diamond  Jo 
quarry  this  can  be  well  seen  (figure  10,  page  199).  The 
figure  was  drawn  from  a  photograph  of  this  boulder  in  order  to 
show  the  gradual  transition  from  the  leucite  into  the  eleolite 
syenite  but  the  attempt  was  not  wholly  successful. 

The  eleolite  rock  appears  to  have  cooled  last  because  in 
«very  case  where  it  is  observed  in  conjunction  with  the  leucite 
rock  it  is  seen  to  have  formed  a  sort  of  flow  structure  around 
the  latter. 

Many  varieties  of  both  the  eleolite  syenite  dike  rock  and 
the  leucite  syenite  dike  rock  show  a  movement  in  the  magma 
during  the  cooling  and  are,  therefore,  properly  classed  among  the 
intrusive  dike  rocks. 

Q,     Leucite  Tingwiite. 

a.     Border  Type. 

This  type  differs  from  the  "dike  type''  (p.  281),  the  de- 
Bcription  of  which  will  follow,  both  in  its  structure  and  mode 
of  occurrence.  It  forms  a  mass  of  rock  which  is  in  all  prob- 
ability the  border  of  a  larger  mass  of  leucite  syenite  dike 
rock  and  shows  in  its  structure  no  indications  of  flow,  as  the 
dike  type  does.  It  also  differs  from  the  latter  in  its  macro- 
scopic appearance  for  in  no  case  does  it  show  the  glassy 
fracture  so  characteristic  of  the  dike  type  and  which  causes 
the  latter  to  bear  such  a  strong  resemblance  to  phonolite. 

The  leucite  tinguAite  is  found  in  both  green  and  black 
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varieties  and  in  some  of  its  forms  might  easily  be  mistaken  for 
a  metamorphosed  sedimentary  formation  were  it  not  for 
the  more  or  less  distinct  pseudoleacite  crystals  which  appear 
in  it.  The  black  variety  containing  comparatively  distinct 
pseudoleucite  crystals  is  almost  identical  with  that  from 
Brazil,  and  on  comparing  specimens  from  the  two  localities 
the  greatest  similarity  is  observed. 

The  Brazilian  rocks  ^  of  this  type  have  been  stadied  and 
described  by  Graeff  f  and  by  Machado  X  without  the  detection 
of  the  true  character  of  the  large  icositetrahedral  masses. 
Dr.  E.  Hussak  has  been  working  upon  the  igneous  rocks  of 
Brazil  in  connection  with  Mr.  O.  A.  Derby,  for  some  time 
and  a  short  resume  of  their  work  was  read  by  Derby  before 
the  American  Association  for  the  Advancement  of  Science  at 
the  Indianapolis  meeting  in  1890  ||.  In  this  Derby 
describes  briefly  the  Brazilian  localities  in  which  the  granitic 
type  of  nepheline  syenite,  or  foyaite,  occurs  associated  with 
typical  volcanic  eruptives  in  such  a  way  as  to  show  that  it  is 
a  volcanic  rock  in  the  most  restricted  sense  of  the  term. 
Moreover  the  habit  of  many  of  the  foyaite  masses  is  that  of 
a  lava  flow.  Specimens  and  photographs  of  peculiar  polyhe- 
dral inclusions  or  pseudo-crystals  having  the  form  but  not 
the  substance  of  leucite  and  consisting  of  coarse-grained 
foyaite  imbedded  in  a  fine-grained  phonolitic  groundmasa 
were  exhibited. 

It  thus  appears  that  Hussak  and  Derby  found  the  ^^  in- 


<*  The  writer  is  greatlj  indebted  to  Dr.  George  H.  Williams  of  John  HopkiniUniver^ 
•ity  for  a  specimen  of  rock  similar  to  this  leucite  tinguaiteand  from  the  already  renowned  BraxiU 
ian  locality,  also  to  Mr.  Oryille  A.  Derby,  Director  of  the  Geological  Commiiaion  of  8io  Paulo» 
Brazil,  with  whom  he  spent  6e?eral  days  in  comparing  the  rocks  from  the  Brazilian  and  Arkan- 
sas regions.  Mr.  Derby  has  made  many  valuable  suggestions  which  hare  been  gladly  adopted 
by  the  writer  and  which  have  been  made  use  of  in  this  report  in  such  a  way  that  it  has  lieen 
impossible  in  every  case  to  give  the  credit  where  it  is  really  duo. 

t  Mineralogisch-petrographische  Untersuchung  von  ElSoIithyseniten  von  der 
Serra  de  Tingua,  Prov.  Rio  de  Janeiro,  Brasilien,  von  Franz  Fr.  Graeff.  N.  Jahrb.  fOr  Min, 
Jahrg.  1887,  Band  II.,  p.  255. 

X  Petrographie  der  sQdwestlichen  Grenze  swisohen  Minas-Geraes  and  S.  Paulo  von 
Jordano  Machado.    Min.  u.  Pet.  Mitth.  Band  IX.,  1888,  p.  347. 

I    Proceedings  of  the  A;  A.  A.  S„  Indianapolis    Meeting,    1890»    Vol.  XXXIX.^ 

Salem,  1891. 
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elusions''  to  have  been  originally  leucite  crystals  which 
contain  no  longer  the  leucite  material  but  a  mixture 
of  minerals  which  approaches  the  eleolite  syenite  in  its  com- 
position. 

Oreen  variety. — This  rock  consists  of  a  dense  green 
groundmass  in  which  are  scattered  large  phenocrysts  of 
pseudoleucite.  These  are  often  6cm  and  more  in  diameter. 
By  exercising  great  care  these  may  be  broken  out  from  the 
rock  in  such  a  manner  as  to  show  a  few  sharp  crystal 
faces  but  perfect  crystals  have  not  been  obtained. 

The  fracture  of  the  rock  is  dull  and  it  shows,  even 
macroscopically,  that  the  groundmass  consists  of  a  holocrys- 
talline  mass  of  minute  crystals  which  shows  no  tendency  to- 
wards a  fluidal  structure.  In  some  cases  there  are  large 
phenocrysts  of  biotite  but  they  are  rare.  Jet  black,  shining 
sections  of  melanite  also  occasionally  occur.  Eleolite  ap- 
pears in  large  phenocrysts  and  often  penetrates  both  the 
pseudoleucites  and  the  groundmass. 

Under  the  microscope  the  complete  absence  of  fluidal 
structure  is  a  very  striking  feature.  The  base  is  seen  to  be 
made  up  of  a  hypidiomorphic  nearly  panidiomorphic  granu- 
lar mass  of  eleolite,  segirite,  biotite,  and  melanite. 

Pseudoleucite  crystals  occur  as  large  phenocrysts  and 
are  in  every  respect  identical  with  those  already  described 
(p.  268). 

Eleolite  and  its  decomposition  products  make  up  the 
body  of  the  groundmass  through  which  are  scattered  idio- 
morphic  segirite  needles  which  give  the  green  color  to  the 
rock.  Biotite  occurs  in  brown  plates  of  two  generations  but 
is  not  very  plentiful.  Melanite  appears  as  usual  in  small,  ir- 
regular or  idiomorphic  crystals  and  plays  but  an  unimpor- 
tant part  in  the  composition  of  the  rock.  The  accessory 
minerals  and  decomposition  products  are  identical  with 
those  described  in  the  leucite  syenite  dike  rock  and  the 
eleolite  syenite  dike  rock  (Diamond  Jo  type). 

Spotted  variety  (black  with  white  spots). — In  some  cases  a 
rock  very  similar  to  that  just  described  occurs  in  which  the 
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base  is  black  ratber  than  green.  The  change  in  color  is  due 
to  the  somewhat  increased  size  of  the  segirite  crystals  and  to 
the  occurrence  of  a  greater  quantity  of  magnetite  in  the  base- 
Melanite  and  pyrite  appear  more  commonly  in  this  rock 
than  in  the  preceding  variety  and  in  some  cases  an  ap- 
|)arently  secondary  generation  of  pseudoleucites  has  taken 
^lace.  Several  specimens  of  pseudoleucite  crystals  have 
^een  obtained  from  this  rock  which  are  perfect  icositetrahe- 
•drons  with  smooth  faces  and  sharp  edges  and  corners.  Id 
perfection  of  exterior  form  they  can  hardly  be  surpassed  by 
the  true  leucites  of  the  effusive  leucitites,  but  in  the  interior 
they  are  completely  pseudomorphosed. 

Black  variety  (black  with  ''suggested''  leucites). — This 
rock  is  one  of  the  most  peculiar  of  the  whole  group.  It  ap- 
pears, on  the  whole,  as  a  black  and  dense  mass  and  might 
easily  be  mistaken  for  a  metamorphosed  sedimentary  rock 
were  it  not  for  the  fact  that  scattered  through  it  at  irregular 
intervals  are  large  '^  suggested  "  pseudoleucites.  These  are 
of  almost  or  quite  the  same  color  as  the  groundmass  and  can 
hardly  be  distinguished  from  it  either  macroscopically  or  mi- 
•croscopically.  They  are  often  several  centimeters  in 
diameter  and  in  a  few  cases  have  been  broken  out  from  the 
groundmass  in  perfect  forms.  Under  the  microscope  the 
rock  is  extremely  uninteresting  and  unsatisfactory.  It  is 
made  up  of  a  confused  mass  of  small  crystals  whose  optic 
characteristics  as  well  as  their  crystal  forms  are  very  much  ob- 
scured. The  pseudoleucites  do  not  differ  materially  from  the 
groundmass  in  structure  or  in  mineralogic  composition  and 
their  existence  could  not  be  detected  by  the  use  of  the  mi- 
croscope alone.  It  is  only  when  they  are  known  to  be 
present  from  macroscopic  observation  that  an  infinitesimal 
variation  between  them  and  the  groundmass  can  be  detected 
under  the  microscope.  It  is  for  this  reason  that  the  name 
'^^  suggested  ^^  has  been  used  to  distinguish  them  for  in  truth 
they  contain  no  leucite  material  proper  and  yet  their  form 
is  in  some  cases  found  to  be  perfect.  There  is  no  possible 
doubt  but  that  the  rock  is  of  igneous  origin,  but  the  forma- 
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tiou  of  these  extremely  impure  pseudoleacites  is  an  interest- 
ing and  puzzling  question.  The  facts  indicate  that  like  other 
p:^eudoIeucites  they  began  to  form  under  conditions  favora- 
ble to  the  formation  of  leucite  and^  as  is  frequently  the  case 
with  true  leucite  crystals,  they  included  all  sorts  of  foreign 
particles  such  as  magnetite,  aegirite,  etc.  The  conditions 
then  changed  and  instead  of  becoming  true  leucites  their  sub- 
stance was  recrystallized  and  the  leucite  molecule  was 
broken  up  into  eleolite  and  orthoclase.      (See  page  271.) 

The  groundmass  of  this  black  variety  of  leucite  tinguaite 
is  so  indefinite  in  its  crystallization  that  few  of  the  minerals 
of  which  it  is  composed  can  be  determined  with  any  accuracy. 
The  following  have,  however,  been  identified  with  some  de- 
gree of  certainty. 

Eleolite  is  probably  present  for  when  a  section  is  etched 
with  hydrochloric  acid  small  salt  cubes  are  formed.  Ortho- 
"clase  or  sanldine  appears  in  distinctly  bounded  lath-shaped 
sections  which  often  show  a  Carlsbad  twin  structure,  ^gi- 
rite  and  diopside  are  both  visible  and  .  biotite  appears  in 
brown  plates  which  are  possibly  of  secondary  origin.  It  is 
•evident  from  the  above  description  that  the  rock  belongs  in 
the  group  of  leucite  tinguaites,  but  it  is  upon  the  whole  un- 
satisfactory and  from  a  microscopic  point  of  view  uninterest- 
ing. 

b.    Dike  Type. 

The  dike  type  of  leucite  tinguaite  occurs  as  a  yellowish 
green  or  greenish  black,  dense  rock  usually  containing  white 
phenocrysts  of  pseudoleucite,  eleolite  and  feldspar,  but  is 
sometimes  almost  free  from  them.  It  is  porphyritic  and 
often  shows  a  fluidal  structure  even  in  a  hand  specimen. 
It  breaks  easily  and  with  a  hornstone-like  fracture. 

Under  the  microscope  the  porphyritic  and  fluidal  struc- 
is'still  more  conspicuous  than  in  the  hand  specimen.  The 
groujidmass  is  holocrystalline  and  consists  of  numberless 
small  green  pyroxene  crystals  arranged  with  a  fluidal  struc- 
ture through  a  base  made  up  of  numberless  lath-shaped  feld- 
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spar  and  nepheline  (?)  crystals  which  seldom  exceed  0. 1 
millimeter  in  length.  In  many  parts  of  the  section  the  feld- 
spar crystals  seem  to  have  had  a  tendency  to  form  large 
phenocrystS;  but  to  have  been  prevented  by  the  premature 
cooling  of  the  rock.  Spots  occur  where  the  crystals 
of  the  groundmass  for  a  distance  of  half  a  millime- 
ter or  more  have  the  same  extinction  and  appear  like  one 
incomplete  crystal. 

Sanidine  of  the  first  generation  (phenocrysts)  appears 
as  white,  glassy,  transparent  crystals  which  are  thin  tabular 
parallel  to  the  symmetry-plane  and  often  reach  a  size  of  80  or 
40  millimeters. 

The  faces  that  have  been  observed  are  ooPdo  (010). 
ooP  (110),  ocP^  (130);  OP  (001)  and  +P  (111).  The  crystals 
are  often  twinned  according  to  the  Carlsbad  law. 

Under  the  microscope  they  usually  appear  as  transpar* 
ent,  fresh  sections  whose  form  indicates  that  they  have  been 
cut  from  tabular  crystals.  Around  the  edges,  although 
usually  sharply  defined,  they  show  the  corrosive  action  of  the 
magma  on  the  crystals  and  the  small  needles  of  pyroxene 
are  often  found  penetrating  them  and  the  groundmass  at 
the  same  time.  A  zonal  structure  is  not  uncommon.  In  some 
cases  the  crystals  are  weathered  and  resemble  orthoclase 
crystals  in  which  kaolinization  has  taken  place. 

Cleavage  is  observed  parallel  to  the  usual  planes  and  also 
an  indistinct  separation  parallel  to  the  orthopiuacoid  (100)  has 
been  noted  in  a  few  cases.  On  the  whole  the  cleavage  cracks 
are  not  as  common  as  might  be  expected.  In  some  cases  the 
crystals  have  been  broken  and  the  separate  parts  have 
moved  past  each  other  in  such  a  way  as  to  indicate  that  there 
was  a  movement  in  the  magma  after  the  fracture  took  place. 
In  convergent  polarized  light  the  crystals  are  usually  found 
to  have  a  small  optic  axis  angle  although  in  some  cases  it  has 
been  observed  as  large  as  50^.  The  optic  axes  generally  lie 
in  the  clinodiagonal  plane,  but  in  a  few  cases  they  have  been 
observed  in  a  plane  at  right  angles  to  it. 
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Inclusions  of  gas  and  liquids  are  seldom  observed,  but 
when  they  occur  they  form  bands  traversing  the  crystal. 

Sanidine  of  the  aecond  generation  consists  of  small  lath- 
like crystals  which  seldom  exceed  0.15mm  in  length  and  are  hardly 
one  tenth  of  that  amount  in  thickness.  They  are  generally 
sharply  terminated  on  the  sides^  but  the  ends  are  often  frayed  out 
and  indistinct.  Carlsbad  twins  are  common,  in  fact  more  com- 
mon than  single  crystals.  Their  extinction  is  usually  wave-like 
and  is  different  for  different  parts  of  the  section.  The  crystals 
often  gives  the  appearance  of  a  plagiockse  instead  of  sanidine^ 
These  small  crystals  are  penetrated  in  all  directions  by  »gi- 
rite  needles,  but  are  comparatively  free  from  inclusions  of  other 
sorts  and  seldom  show  any  indication  of  decomposition. 

Pyroxene  occurs  among  the  phenocrysts  and  as  a  part  of  the 
gronndmass.  In  the  first  class  it  is  unimportant  in  quantity  for 
it  is  only  rarely  that  a  crystal  occurs.  In  a  thin  section  whose 
surface  was  about  3  square  centimeters  only  eight  crystals  of  the 
earlier  generation  were  discovered  while  in  another  of  about  the 
same  size  only  six  crystals  were  observed. 

The  phenocrysts  appear  under  the  microscope  as  green  ^ 
somewhat  pleochroitic,  idiomorphically  bounded  crybtals  or  por- 
tions of  crystals  which  show  by  their  comparatively  small  (not 
over  15^  angle  of  extinction  that  they  belong  to  the  segirite 
group.  Included  in  these  and  completely  surrounded  by  them 
crystals  of  a  lighter,  yellowish  green  color  often  occur  in  which 
the  pleochroism  is  very  slight,  but  the  angle  of  extinction  ia 
large.  In  some  cases  the  extinction  angle  of  this  interior  por- 
tion reaches  35^  and  it  is  probable  that  these  crystals  are  diop- 
side.  The  diopside  occurs  also  without  the  surrouodiog  band 
of  ffigirite  and  it  then  generally  forms  somewhat  thicker  prisms. 

The  cleavage,  inclusions,  etc.,  of  both  these  forms  of 
pyroxene  are  so  similar  to  those  already  described  for  other 
occurences  of  these  minerals  that  they  need  not  be  repeated. 

j^JgirUe  of  the  second  generation  occurs  in  extremely  small^ 
prismatic  and  acicular  crystals  scattered  thickly  through  the 
base  and  often  showing  a  very  distinct  fluidal  structure.  It  ia 
these  minute  green  crystals  that  give  to  the  rock  its  green  color 
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and  ID  cases  where  they  assume  a  dark  green  color  the  rock 
becomes  black.*  It  is  evident  from  their  form  and  arran^emeDt 
these  minute  prisms  were  formed  after  the* phenocrysts  but  before 
the  sanidine  of  the  base  for  they  are  usually  perfectly  idiomor- 
phic  and  show  that  a  decided  flow  of  the  magma  took  place 
around  the  phenocrysts  during  and  after  the  time  that  they  were 
forming.  Small  crystals  show  that  the  faces  ooP  (110)  and 
ocPc5c  (100)  are  present  and  in  many  cases  the  angle  ooP  (110): 
ocP  (110)  is  ^een  to  be  approximately  87°,  When  the  crystals 
are  inclined  to  the  plane  of  the  section  and  are  cut  by  it  they 
usually  show  sharpened  points  which  might  easily  be  mistaken 
for  crystal  faces^  but  when  they  lie  parallel  to  the  plane  of  the 
section  they  are  seen  to  be  frayed  out  and  indistinct  at  the  ends. 
Thin  sections  of  the  rock  show  the  green  color  of  the  small 
crystals  very  distinctly  and^  if  they  are  not  too  minute,  allow  of 
the  determination  of  a  slight  pleochroism  with  a  change  of  color 
corresponding  to  that  usually  observed  in  ssgirite.  The  extinc- 
tion angle  is  small,  seldom  exceeding  6^. 

Eleoliie  or  nephelint  occurs  in  two  generations  and  often 
forms  large  phenocrysts  which  are  easily  distinguishable  by  the 
naked  eye.  The  crystals  range  from  10  millimeters  in  diameter 
^own  to  microscopic  dimensions  and  are  characterized  by  their 
greasy  appearance,  irregular  fracture  and  white  or  pinkish  color. 
They  are  are  idiomorphic  and  thick  prismatic  in  form  and  show 
the  usual  cleavage  and  microscopic  structure  of  this  mineral. 
Decomposition  seems  to  have  been  very  busy  in  many  cases  and 
it  is  not  uncommon  to  find  sections  which  have  been  almost 
completely  altered  into  indistinguishable  secondary  minerals. 

The  secondary  nepheline,  which  in  connection  with  sanidine 
forms  the  groundmass,  occurs  in  allotriomorphic  crystals  which 
^re  perforated  in  all  directions  by  the  segirite  crystals  and  boun- 
ded by  the  sanidine  and  other  nepheline  crystals. 

They  are  very  often  altered  to  cancrinate  which  is  easily 
detected  by  its  high  polarization  colors  and  effervescence  with 
acids  as  already  described  (page  235). 

Paeudohucile  occurs  also  in  two  generations,  but  it  is  much 

<*  See  Graeff,  Elaolithsyeniteo,  etc.,  I,  c.  p.  256. 
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more  difficult  to  make  a  sharp  distiDction  between  them  than  in 
the  case  of  the  sanidine  and  nepheline.  Those  crystals  which 
are  evidently  of  the  first  generation  are  characterized  microscopi- 
cally by  their  hrge  size  and  distinct  icositetrahedral  form*. 
These  crystals  when  fractured  show  a  pure  white  interior  and. 
appears  to  be  fine-grained  and  homogeneous,  but  when  studied 
under  the  microHcope  they  are  found  to  consist  of  minute  feld- 
spar crystals  interspersed  with  small  particles  of  eleolite.  The- 
spheroidal  structure  is  entii'ely  wanting  and  in  fact  it  seems  as  if 
this  were  directly  connected  with  the  weathering  which  has 
taken  place  in  many  crystals  and  not  with  the  pseudomorphic 
inflnenceSi  whatever  they  may  be,  that  have  altered  the  constitu- 
tion of  the  crystals. 

The  small  pseudoleucites  contain  many  of  the  small  second-^ 
ary  segirite  crystals  and  are  much  less  sharp  in  their  forms. 
It  is^  however,  by  no  means  certain  that  these  really  belong  to  a 
second  generation,  but  from  the  fact  that  they  are  interbedded 
among  the  other  minerals  of  the  groundmass  it  seems  probable 
that  this  is  the  case. 

Cleavage  and  microstructure,  in  the  true  sense  of  the  words^ 
can  hardly  be  considered  for  they  belong  really  more  to  the  in- 
dividuals of  which  the  crystal  is  now  made  up  than  to  the  pseudo^ 
leucite  itself.  The  same  is  true  of  their  decomposition  products 
and  it  is  usually  found  that  where  these  have  formed  they  are 
divided  into  those  which  are  characteristic  for  eleolite  (cancrin- 
itCi  etc.),  and  those  which  are  usually  associated  with  orthocIasV 
(kaolin,  etc.).  Cancrinite  and  calcite  are  often  found  and  in 
some  cases  form  a  very  important  part  of  the  pseudomorphs. 

Sodalite  groups — In  many  cases  the  existence  of  some  mem- 
bers of  this  group  or  of  the  haiiyne  group  is  suggested  by  the 
appearance  of  six  and  eight  sided,  apparently  regular,  sections 
in  the  green  groundmass.  On  a  close  investigation  these  are 
all  found  to  consist  of  secondary  decomposition  products  usually 
resembling  those  which  occur  in  the  pseudoleucites^  but  in 
some  oases  they  appear  to  be  of  a  different  constitution.  From 
the  chemical  analyses  made  of  this  rock  it  is  probable  that 
members  of  both  the  sodalite  and  haiiyne  group  exist  in  it  to  a 
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limited  extent  for  both  chlorine  and  sulpharic  acid  are  found  in 
appreciable  quantities. 

Pyriie  is  common  in  these  rooks  and  especially  so  in  the 
black  varieties.  That  its  quantity  is  not  inconsiderable  is  shown 
by  the  chemical  analysis. 

Magnetite  and  ilmenite  occur  only  in  single,  isolated  crystals 
which  are  far  from  plentiful. 

BiotUe  appears  to  be  entirely  wanting  or  to  be  present  onlj 
as  a  secondary  product  and  in  very  limited  quantities.  Where 
il  has  been  observed  it  is  normal  biotite  and  has  an  optic  axis 
angle  of  2°  to  3^.  The  plane  of  the  optic  axes  is  parallel  to  the 
symmetry-plane. 

Chemical  analyses  have  been  made  of  two  specimens  of  this 
rock  which  differ  considerably  in  their  microscopic  appearance. 
The  first  analysis  (i)  was  made  on  a  dense,  close-grained,  green, 
hornstone-like  rock  in  which  no  phenocrysts  whatever  are  ob« 
served. 

Analysis  (ii)  was  made  from  material  in  which  large  white 
phenocrysts  of  pseudoleucite  and  sanidine  are  visible.  It  wis 
conducted  in  the  same  way  as  the  analysis  of  the  pseudoleucite 
crystal  and  the  results  of  both  the  soluble  and  insoluble  parts 
were  calculated  to  100  as  shown  in  the  table. 

It  is  evident  from  column  ii.  that  minerals  containing  both 
chlorine  and  sulphuric  acid  are  present. 

The  soluble  portion  of  the  rock  (column  iv  or  vii)  would 
naturally  contain  the  easily  soluble  minerals,  sodalite,  haiiynei 
and  nepheline ;  if  therefore  the  chlorine  be  considered  as  belong- 
ing entirely  to  sodalite  and  the  sulphuric  acid  to  haiiyne  and  the 
amounts  of  the  minerals  corresponding  respectively  to  these  sob- 
stances  be  calculated  and  their  constituents  (viii,  IX  and  x)  de- 
ducted from  the  corresponding  constituents  in  the  analysis  of 
the  soluble  portion  of  the  rock  (vii)  the  remainders  should  rep- 
resent the  amount  of  the  constituents  of  the  mineral  nepheline 
(eleolite)  (xi).  If  this  result  is  then  recalculated  to  100  per 
cent  (xii)  and  compared  with  the  theoretical  composition  of 
eleolite  (nepheline)  (xiii),  it  appears  that  the  soluble  portion  of 
the  rock  consists  principally  of  these  three  minerals. 
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ATuUi/Bea  of  leueUe  tingudUe  {dike  type). 


(•)  For  oxpUnktloD  ol  uie  of  X  na  page  2K. 

I,  Complete  aaalysla  of  dense  green  leuoite  tiDgu&Ue  by  R.  N. 
Braokett. 

II.  ToUl  aniilysis  of  leuoite  tinguaite  by  J.  F.  Wllllama. 

ni.  AoalyBis  of  soluble  porttoD  of  leuclte  tlngu&lte  by  J.  F. 
Williams. 

IV.  Analyeis  of  soluble  portion  of  above  recalculated  to  100  per 
cent. 

V.  Analysis  of  Insoluble  portions  (by  dlBerenoe)  recalculated  to 
100  per  cent.  This  shows  at  once  a  strong  likeness  to  an  analysis  ol 
ortbodase,  but  the  silica  and  potash  are  too  low  aud  the  groups  of  the 
other  constituents  too  high.  This  indicates  the  presence  of  considerable 
quantities  of  basic  silicates.  If  these  were  deducted  the  analysis  (vj  would 
approach,  very  closely,  that  of  ortboclase. 

VI.  Analysis  of  eeglrlte  tlngu&it«  ft'om  Asbjurosrod,  Hednim, 
Norway,  analysed  by  G.  Faljkull  (Byeuitpegmatitg^ge,  p.  41). 


288 


ANNUAL  BBPOBT   STATE  OBOLOGIST. 


Tdble  showing  approximate  composition  of  soluble  portion  of  leucite 

iingudite  (dike  type.) 


VII. 

VIII 

IX. 

HaGyoe 
deduction 

X. 

XI. 

xn. 

XIII. 

CONSriTUENTS. 

Complete 
aDalysis 

Sodalite 
deduction 

SumAf 
deduction 

Resulting 
analysis 

Same  re- 
calculated 

Theorpt* 

ical  eleo* 

lite 

SiOa 

88.82 
81.24 

1.44(?) 

3.82 
19.2d 

8.18 

1.41 

1.89 

7.14 
6.12 

4.17 
3.57 
0.53 

11.81 
9.69 
0.58 

27.01 
21.55 
0.91 
3.82 
ll.(» 
0.18 
0.00 
0.U0 

41.58 

33.10 

1.40 

5.90 

17.75 

0.27 

41.24 

AUO-- 

35.26 

CaO 

K2O 

6.46 

NaaO 

H20„ 

4.98 

2.64 

7.57 

(8.00) 

1.41 

1.89 

17.04 

CI - 

1.41 

SOj.^ 

Per  cent 

100.00 

19.60 

12.30 

84.90      1     65.10 

100.00 

100.00 

■ 

VII.  Analysis  of  soluble  portion  of  leucite  tingu^ite  by  J.  F. 
Williams.    (See  iv  above). 

VIII.  The  figures  represent  the  amounts  of  the  other  constitu- 
ents of  sodalite  which  correspond  to  1.41  per  cent,  of  chlorine  *. 

The  number  at  the  foot  of  the  column  represents  the  percentage 
of  the  whole  rock  that  the  sodalite  forms. 

IX.  The  figures  represent  the  amounts  of  the  other  constitueDta 
of  haUyne  which  correspond  to  1.39  per  cent,  of  sulphuric  anhydride  *. 
The  number  at  the  foot  of  the  colunm  represents  the  percentage  of  the 
whole  rock  that  the  haUyne  forms. 

^he  theoretical  analyses  of  sodalite  and  haOyne  are  expressed  by  the  followiog  per 
cents:    (lUmmelsberg,  Mioeralchemie,  1875,  pp.  453  and  457). 

Theoretical  analyse*  qfgoladittt  and  ha&j/ne. 


CONSTITUENTS. 

Vila. 

IX  a. 

Theoretical 
sooalite- 

Theoretical 
baOyne 

Si02    

37.08 
81.71 

25.55 
7.81 

83.89 

AltO. 

29.00 

CaO.... 

4.81 

NaaO 

21.50 

SO- 

11.80 

^'^^•■••** 

Total .,. 

101.65 

100.00 
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X.  Sums  of  several  constituents  of  the  preceding  columns  (viii 
and  IX). 

XI.  Remainder  after  subtracting  the  several  constituents  of  the 
preceding  column  (x)  from  the  constituents  in  the  original  partial  anal* 
ysis  (VII  or  iv).  llie  number  at  the  foot  of  the  column  represents  the 
percentage  of  the  whole  rock  that  the  eleollte  (nepheline)  forms. 

XII.  Column  xi  recalculated  to  one  hundred  per  cent. 

XIII.  Theoretical  analysis  of  eleolite  as  calculated  from  the  for- 
mula (4Na,  K),  Alj  Si)  O^  which  represents  very  closely  the  composition 
of  the  eleolite  from  Magnet  Cove.  Analyzed  by  Smith  and  Brush 
(See  p.  210). 

If  the  amoantB  of  sodalite,  haiiyne  and  eleolite  as  esti- 
mated above  be  expressed  in  percentages  of  the  whole  rock 
and  the  insoluble  p  arts  be  considered  as  made  up  of  ortho- 
clase  and  segirite  *  in  the  ratio  of  about  3  to  1.  The  quan- 
titative mineral  composition  of  the  leucite  tingaaite  would 
then  be  expressed,  approximately^  by  the  following  table : — 

Approximate  mineral  composition  of  le\icite  ti^igufnte, 

Sodalite 7.57 

HaUyne  - 4.71 

Eleolite 25.08 

.?i:girite lo.W^ 


62.64 
Ortboclase 46.98 


Total 100.00 

The  rocks  of  the  tinguaite  group  have  been  but  little 
studied  and  but  few  analysis  of  them  have  been  made.  It  is, 
however,  probable  that  some  of  the  rocks  described  as  phon- 
olites  will  be  found  upon  further  investigation  to  fall  under 
the  tinguaite  group. 

The  only  analysis  of  a  tinguaite  which  is  available  is 
that  of  the  Norwegian  cegirite  tinguaite  (vi)  described  by 
Brogger  (Syenitpegmatitgiinge,  p.  41).  This  is,  however, 
not  strikingly  like  the  leucite  tinguaite  of  Magnet  Cove  in 
its  composition. 

*  The  ftbseooe  of  Boda  in  the  insoluble  part  does  not  correspond  with  the  atwuiuption 
that  the  minute  green  pjrozene  crjstals  are  segirite,  but  aa  all  the  constituents  of  the  ioaoluble 
parts  were  determined  bj  diflTerence,  a  small  crr.ir  in  the  determination  of  thosoda  in  the  coia- 
pleia  aoaljais  or  that  of  the  soluble  part  would  make  a  relatirelj great  diflTerence  In  the  soda  o  f 
the  inaolable  part. 

19  Oeolofical;  Vol.  ii.,  1890. 
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III.   PETROGRAPHIC   DESCRIPTION   OF   AUGITIC   ROCKS. 

1.    Fourcbite  Groap. 

Many  dikes  of  aagitic  rock  occar  here  and  there  among 
the  hills  about  the  edge  of  the  Cove.  These  are  usually  ex- 
posed in  the  beds  of  the  streams  and  are  very  seldom  capa- 
ble of  being  traced  for  any  considerable  distance  on  either 
side.  They  are  mentioned  in  the  general  description  of  the 
Cove  and  their  mineralogic  constitution  and  iudividaal 
peculiarities  are  in  many  cases  described  by  J.  F.  Kemp  in 
Chapter  XII.  of  this  report. 

In  general  these  dikes  may  be  grouped  into  two  classes, 
viz:  those  in  which  large,  tabular  biotite  crystals  occur  form- 
ing the  so-called  ouachitite  and  those  in  which  this  mineral 
is  almost  or  completely  absent.  The  mineralogic  composi- 
tion and  structure  of  these  two  varieties  is  identical  in  all 
but  this  one  respect.  The  second  of  these  varieties  is  oftea 
very  line  grained  and  it  is  quite  impossible  to  determine  with- 
out the  microscope  whether  it  is  a  fourchite  or  a  dense  dike 
form  of  eleolite  porphyry.  A  large  number  of  these  augitic 
dikes  have  already  been  found  and  examined,  but  it  is  proba- 
ble that  not  a  tenth,  nor  even  a  hundredth,  part  of  those 
that  exist  are  exposed  and  visible.  It  is,  therefore,  a  matter 
of  little  consequence  whether  the  exact  composition  and 
structure  of  each  one  of  those  found,  has  been  determined 
under  the  microscope,  especially  since  there  exist  so  many 
more  which  have  not  been  discovered.  A  microscopic  ex- 
amination has  been  made  of  many  of  the  dikes  which  have 
been  discovered  and  the  results  of  those  investigations  are 
tabulated  in  Chapter  XIII.  of  this  report. 

Where  the  fourchite  and  ouachitite  come  in  contact 
with  the  other  igneous  rocks  they,  like  those  of  Fourche 
Mountain  ar^a,  are  older  than  the  youngest  syenite  rocks 
and  are  cut  by  them. 

B.    Moncbiquite  Group. 

Amphibolc  monchiquite  is  known  from  only  one  locality 
in  the  Magnet  Cove  region  and  that  is  inside  the  cove  itself.     It 
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«ut8  across  the  northern  part  of  the  inside  of  the  basin  in  a  nearly 
<east  and  west  direction  and  extends  for  several  hundred  meters 
{see  page  185  and  chapter  XIII.^  dike  159). 

It  is  a  dark  colored,  heavy  rock  which,  microscopically, 
appears  comparatively  uniform  in  texture  except,  here  and  there, 
where  black,  shining  amphibole  prisms  (2  to  3mm  in  length) 
and  small  (1  to  1.5mm  in  diameter)  greenish  yellow  olivine 
<5rystals  occur. 

Under  the  microscope  the  most  conspicuous  objects  are  the 
large  phenocrysts  of  perfectly  fresh  olivine.  These  together 
with  large  augite  aud  amphibole  crystals  form  the  most  impor- 
tant minerals  in  this  prophyritic  rock  and  are  distinctly  separat- 
ed from  the  fine-grained,  holocrystalline  base  which  shows  a 
somewhat  iluidal  structure. 

Olivine  is  by  far  the  most  important  and  characteristic  min- 
eral of  the  rock.  It  appears  in  greenish  yellow  grains  which 
show  a  waxy  lustre  on  their  broken  surfaces.  Exterior  crystal 
forms  cannot  be  seen  macroscopically  on  account  of  their  small 
size.  In  thin  sections,  under  the  microscope  the  olivine  appears 
as  colorless,  transparent,  non-pleochroitic,  idiomorphic  crystals 
which  are  irregularly  distributed  throughout  the  section,  being 
more  numerous  in  certain  bands  and  spots  than  in  others. 
^  The  crystals  may  be  said  to  be  truly  idiomorphic  although  they 
are  usually  resorbed  about  the  edges  and  show  that  the  magma 
in  which  they  floated  was  sufficiently  acid  to  have  a  strong 
corroding  action  upon  them. 

Cleavage  cracks  are  distinct  although  not  frequent  and  those 
parallel  to  the  brachypinacoid  (010)  are  much  more  distinct 
than  those  parallel  to  the  maeropinacoid  (100).  Along  these 
cleavage  cracks  a  slight  decomposition  has  taken  place,  indicated 
by  a  yellow  coloration  of  the  adjacent  parts  of  the  crystal. 

The  crystals  are  not  uncommonly  made  up  of  two  indi- 
viduals and,  so  far  as  they  have  been  observed,  they  seem  to  be 
twinned  with  the  brachydome  (Oil)  as  the  composition  plane. 

In  parallel  non- polarized  light  the  crystals  appear  colorless 

-    and  transparent  and  have  a  rough  surface  showing  that  the  index 

of  refraction  is  higher  than  that  of  Canada  balsam.     The  inter- 
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Terence  colors  are  high,  reaching  even  to  those  of  the  third  order» 
The  extinction  is  orientated  in  sections  not  too  greatly  inclined 
to  the  Hymmetry-planes.  In  convergent  polarized  light  one  optic 
axis  is  often  seen,  but  in  no  case  has  a  section  showing  two  axes^ 
been  observed.  From  this  fact  it  is  seen  that  the  optic  axis 
angle  is  large  and  consequently  no  observations  on  the  character 
of  the  dispersion  of  the  axes  or  the  bisectrices  were  possible. 

The  crystals  are  remarkably  free  from  inclusions  of  all  sorts 
and  seldom  show  anything  more  than  a  few  grains  of  magnetite 
and  pyrite  disseminated  through  them.  A  few  regularly  bounded 
gas  inclusions  occasionally  appear  in  the  crystals,  but  in  no 
case  have  liquid  inclusions  been  observed.  As  has  already  been 
stated  these  crystals  show  slight  indications  of  weathering  and 
along  the  cleavage  cracks  a  deposition  of  a  yellow,  hydrous  oxide 
of  iron  often  occurs.  Alteration  to  serpentine  has  not  been 
noticed  in  any  case. 

Pyroxene  is  the  roost  important  mineral,  in  respect  to  quan- 
tity, in  th's  rock.  It  makes  up  at  least  half  of  the  mass  of  the 
rock  and  occurs  in  two  generations.  The  older  phenocrysts  are 
in  every  respect  identical  with  those  described  hy  Kemp  in 
Chapter  XII.  of  this  report  and  like  them  belong  to  the  class  of 
basaltic  augites.  They  have  the  same  purplish  tinge  and  appear 
as  twins  and  single  individuals  in  the  same  way  that  they  do  in 
the  fourchiteand  ouachitite.  They  differ,  however,  from  these  itt 
that,  since  they  are  later  in  the  period  of  their  formation  than 
the  olivine  and  amphibole  phenocry^its,  they  are  allotriomorphic 
wherever  they  come  in  contact  with  these  minerals.  Id  the  four- 
chite,  on  the  other  hand,  they  were  the  oldest  of  all  the  silicates 
and  were  therefore  always  idiomorphic. 

The  augite  of  the  second  generation  forms  small  crystals 
having  a  similar  appearance  to  the  larger  onea;  they  are  idio« 
morphic  whenever  they  do  not  come  in  contact  with  the  olivine, 
hornblende  or  augite  phenocrysts.  They,  like  the  older  genera- 
tion, contain  magnetite  grains  and  gas  inclusions,  bat  very 
rarely  show  any  sign  of  decomposition. 

Amphibole  occurs  in  black,  shining  prisms  which  sometimes 
attain  a  length  of  several  millimeters.     This  mineral  appears  to 
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be  espeoially  freqaent  in  some  parts  of  the  rock  and  to  be 
entirely  wanting  in  other  parts  of  the  same  specimen.  Under 
the  microscope  it  is  seen  to  occur  in  both  large  and  small,  pris- 
matic crystals  of  two  generations. 

The  cleavage  parallel  to  the  prisms  (110)  is  very  perfect, 
but  the  cleavage  cracks  are  not  near  together.  They  make  the 
^characteristic  angle  of  124^  SCV  with  each  other  and  appear  in 
the  vertical  sections  as  distinct  cracks  parallel  to  the  vertical 
axis.  Cleavage  planes  appear  which  are  quite  irregular,  making 
various  angles  with  the  first  and  lying  in  the  same  general 
•direction  as  the  base  (001). 

The  crystals  are  of  a  brown  color  when  seen  in  parallel 
noQ. polarized  light.  They  are  strongly  pleochroitic,  the  colors 
varying  from  yellow  to  dark  reddish  brown.  The  pleochroism 
is  represented  by  the  following  formula: — 

c>b>a 

The  positions  of  the  axes  of  greatest  and  least  elasticity  are 
the  same  as  those  usually  observed  for  basaltic  hornblende  to 
which  variety  of  amphibole  these  crystals  belong.  The  acute 
bii^ctrix  makes  an  angle  of  18^  with  the  vertical  axis  o  and  lies 
in  the  acute  angle  j9.  The  character  of  the  double  refraction  is 
positive.  The  large  phenocrysts  are  perfectly  idiomorphic  and 
are  older  than  any  of  the  other  constituents  except  the  olivine. 
The  smaller  crystals  of  ^he  second  generation  are  on  the  contrary 
jounger  than  the  augite  and  often  form  around  the  latter  or  else 
appear  as  small  allotriomorphic  crystals  wedged  in  between  two 
•or  more  of  the  augite  phenocrysts ;  they  are,  however,  older  than 
the  augites  of  the  second  generation.  In  some  cases  the  pheno- 
crysts of  amphibole  are  surrounded  by  an  indistinct  flow  struct- 
ure and  it  is  evident  from  this  and  from  the  fact  that  they  not 
uncommonly  show  a  slight  l)ending  and  fracture  with  a  separa- 
tion of  the  broken  parts  that  there  was  a  movement  in  the  magma 
after  they  were  formed.  In  parts  of  the  rock  where  much  oli- 
vine exists  the  amphibole  phenocrysts  appear  to  be  very  scarce 
or  to  be  absent  entirely  and  vice  versa.  It  may  be  that  this  is 
-only  accidental,  but  as  it  is  quite  uniformly  the  case  it  appears  to 
be  characteristic  of  the  two  minerals. 
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Both  the  phenocrysts  and  second  generation  crystals  con- 
tain numerous  inclusions  of  gas  and  of  some  white^  transparent 
mineral  which  resembles  apatite.  Magnetite  occurs  in  black 
grains  and  crystals  in  considerable  quantities. 

Plagioclase  occurs  in  small  lath-like  crystals  which  seldom 
exceed  0.2mm  in  length  and  are  usually  much  smaller.  Their 
width  is  not  more  than  one-tenth,  rarely  two-tenths,  of  their 
length.  They  are  occasionally  idiomorphically  terminated  in  the 
prismatic  zone,  but  the  faces  which  bound  them  can  hardly  be 
determined  on  account  of  their  minuteness.  It  is  evident,  ho>¥- 
ever  that  the  brachypinacoid  (010)  prisms  (110)  and  the  base 
(001)  are  present.  In  some  cases  the  ends  of  the  crystals  are^ 
sharply  truncated,  but  they  are  more  often  frayed  out  and  ir- 
regular. 

In  parallel  polarized  light  the  crystals  are  seen  to  contain 
a  number  of  twin  lamellae  which  run  directly  through  them  par- 
allel to  the  brachypinacoid  (010)  and  which  show  large  angles 
of  extinction  on  both  sides  of  the  composition  plane.  lu  all 
cases  where  these  angles  have  been  measured  they  have  been 
found  to  lie  between  30°  and  35°  and  to  indicate  a  plagioclase 
very  rich  in  lime  and  approaching  an  anorthite  in  it:^  compobi- 
tion. 

The  crystals  appear  often  in  an  irregular  fluidal  structure 
and   indicate  that  the  magma  in  which  they  were  formed  was 
still   mobile.     The   groundmass   occupies  the  space  about  the 
minerals   already  described.     It  is  colorless  and  shows  that  it 
has   assumed   a   semi-crystalline   structure,  from  the  fact  that 
between  crossed  nicols  it  has  an  undulatory  extinction  which 
often  indicates  a  spheroidal  structure.     By   means  of  a  selenite 
plate  this  structure  is  more  clearly  seen.     Noue  of  the  original 
glass  seems  to  have  been  preserved,  but  it  appears  to  have  all 
become    crystalliue.     In  certain    cases    there    appear    in    this 
grouudmass  very   minute  prisms  which  have  an  orientated  ex- 
tinction and  resemble  nepheline.     They  show  negative  double 
refraction,  but  are  too  minute  to  be  tested  microchemically.     The 
altered  groundmass  is  readily  acted  upon  by  hydroohloric  acid 
and  when  tested  with  fuchsine  solution  shows  a  strong  red  color 
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which  indicates  the  separation  of  gelatinous  silica.  The  silica 
shows  no  salt  cubes  so  that  the  probability  of  the  presence  of 
nepheline  is  very  slight.  When  the  hydrochloric  acid  solution 
was  tested  with  sulphuric  acid  gypsum  crystals  were  formed 
thus  proving  the  presence  of  lime  in  the  mineral.  It  is  possible 
that  the  mineral  in  question  is  melilite  and  that  the  rock  ap- 
proaches alnoite  in  its  compositien. 

From  the  above  it  will  be  seen  that  the  rock  may  be  con- 
sidered as  either  holocrystalline  or  as  hypocrystalline  with  a 
glass  which  has,  through  secondary  influences,  become  spher- 
nlitic  in  structure  and  cryptocrystalliue. 

A  chemical  analysis  of  this  rock  was  made  by  the  Survey, 
W.  A.  Noyes,  analyst,  and  gave  the  following  results: — 

Analysis  of  amphibole  monchiquite, 

SiO, 43.50 

TiO, 2.10 

AljOa 18.06 

Fe^Oj 7.52 

FeO 7.64 

CaO 13.39 

MgO 3.47 

K,0 1.30 

No,0 2.00 

H,0 1.22 

Total 100.20 

Specific  gravity  (Williams)...    3.051  at  15°  C. 

The  comparison  of  its  chemical  composition  with  that  of 
other  rocks  of  the  monchiquite  group  is  shown  on  page  111. 

The  only  question  of  importance  which  attaches  itself  to 
this  rock  is  whether  the  mineral  melilite  occurs  in  it  and 
whether  it  should  be  grouped  with  the  alnoites  or  monchiquites. 
For  the  present  it  is  placed  with  the  monchiquite  group. 
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I.   CONTACT  ROCKS. 

As  has  been  stated  in  the  preceding  descriptions  of 
rocks  from  the  Magnet  Cove  region,  many  varieties  of  rock 
occur  whose  affinities  and  relationships  are  very  uncertaiu. 
These  have  for  the  most  part  been  called  hornstqnes  and  have 
been  considered  as  metamorphosed  rbcks.  Their  micro- 
scopic physiography  is  very  indefinite  and  in  the  majority  of 
cases  allows  very  little  to  be  determined  in  regard  to  their 
origin  or  present  composition.  It  is  seldom  that  two  of 
these  rocks  present  the  same  appearance,  although  a  few 
general  characteristics  may  be  detected  in  almost  all  of  them. 
In  consequence  of  this  latitude  in  their  mineralogic  compo- 
sition and  of  the  infiniteness  of  their  microscopic  physio- 
graphy only  a  general  description  of  them  will  be  given. 

Macroscopically  they  form  dense  blacker  dark  bluish  or 
greenish  gray  rocks  which  break  easily  under  the  hammer 
and  show  a  conchoidal  fracture  on  the    broken  surfaces. 
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They  are  often  filled  with  cubes  of  pyrite  which  vary  in  size 
from  microscopic  individuals  up  to  crystals  measuring  8  to 
10mm  on  an  edge.  On  their  broken  surfaces  the  rocks 
often  present  a  somewhat  blotched  appearance  showing  that 
there  was  a  tendency  towards  a  re- arrangement  of  the  mole- 
x^ules  forming  the  rock,  but  that  in  most  cases  the  re-arrange- 
ment only  went  iar  enough  to  suggest  such  an  alteration  in 
the  structure. 

Under  the  microscope  sharply  defined  minerals  can  sel- 
dom be  discovered.  The  rock  appears  as  a  confused  mass  of 
extremely  fine  feldspar  needles  intermixed  with  much  iso- 
tropic material  and  small  quantities  of  choritic  substance. 

Large  quantities  of  colorless  minerals  having  a  high 
index  of  refraction  and  showing  a  surface  in  high  relief  al- 
most always  appear.  These  apparently  globular  substances 
show  very  high  interference  colors,  but  their  extinction  is 
not  very  sharp. 

Biotite  is  scattered  through  the  whole  rock  in  the  form 
of  small,  reddish  brown  crystals  of  secondary  origin.  It  ap- 
pears in  small,  irregular,  strongly  pleochroitic  flakes,  in 
which  the  colors  change  from  a  reddish  brown  to  a  dark 
chocolate-brown  or  black.  The  absorption  of  light,  when 
the  cleavage  planes  of  the  mineral  are  parallel  to  the  plane  of 
the  lower  nicol,  is  always  very  great  and  in  many  cases  al- 
most total. 

Pyrite  appears  everywhere  in  the  form  of  small  cubes 
and  is  often  very  much  aHered  about  the  edges;  and  not  in- 
frequently this  decomposition  has  penetrated  deep  into  the 
the  crystal.  The  crystals  then  consist  of  a  mass  of  reddish 
brown  or  bright  red  material  which  has  no  action  on  polar- 
ized light  and,  even  between  crossed  nicols,  retains  its  red- 
dish color  showing  that  limonite  and  not  hematite  is  present. 

Grains  of  magnetite  occur  very  frequently  and  are  often 
thickly  disseminated  among  the  other  minerals  of  the  rock. 

Occasionally  the  outline  of  a  crystal  of  pyroxene  or  of 
amphibole  is  suggested  by  grains  of  magnetite  or  by  flakes 
of  mica  arranged  along  the  lines  which  represent  its  edges. 
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Catcite  uiid  other  decompoeition  products  in  many  cases 
make  up  a  large  part  of  the  rock. 

It  appears  from  the  above  deBcriptioD  that  little  or 
nothing  can  be  made  out  aboat  many  of  the  rocks  belonging 
to  this  class  and  hence  that  aoy  snggestioDa  regarding  their 
relatioae  to  the  geology  of  the  region  are  uncertun  and  na- 
satisfactory. 

lu  the  case  of  some  of  the  shales  which  lie  directly  in 
contact  with  the  intruded  syenite  of  the  DiamoDd  Jo  quarry 
(see  page  197),  the  metamorphic  action  of  the  igneoas  rock 
is  much  more  evident.    Specimens  were  taken  from  this 
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C.    Much  iittrrclrdck  1-10  L-ni).  D.    l>ll||htlT  illana  rack  (Im). 

E.    rot]li.'n-a.  bui  nntaited  ibmlt. 

contact  at  several  points  (Fig.  21)  and  studied.  The 
description  of  the  difierent  bauds  is  as  follows:  {A)  repre- 
sents the  syenite  iu  which  the  Diamond  Jo  quarry  is  situated 
and  (B)  is  the  first  contact  zone.  Itla  in  general  about  7.7cm 
(3  in.)  wide,  but  at  one  point  it  extends  dowa  into  the  sye- 
nite tor  twice  that  distance.  It  is  a  close-grained,  dense, 
hornstone-like  rock,  showing  almost  no  indications  of  having 
ever  been  stratiticd. 

Under  the  microscope  it  also  appears  close-grained  and 
massive  and  is  seen  to  be  tilled  with  an  immense  number  of 
small,  green  crystals  which  belong  to  the  pyroxene  group. 
These  have  ahigh  index  of  refraction  which  makes  them  ap- 
pear as  if  their  surfaces  were  raised  above  the  level  of  the 
section.    Although  of  a  decidedly  green  color  these  grains 


t    ! 


\ 


] 


MAGNET  COVE  BOCK  — COKTACT  BOCK8. 

have  little  or  no  pleochroism  and  in  this  respect  resemble 
ajgirite.      Their  angle   of    extinction,  where    it    could    be- 
observed,  is  small.     Some  sections  which  are  approximately 
at  right  angles  to  the  vertical  axis  show  an  eight-sided  figure 
with  two  sets  of  cleavage  cracks  lying  parallel   to  the  two^ 
sets  of  small  faces.    These  systems  of  cleavage  cracks  are  ap- 
proximately at  right  angles  to  each  other  thus  giving  an  ad- 
ditional proof  of  the  pyroxenic  character  of  the  mineral. 
Although  this  substance  has  been  described  in  it^  crystalline 
form    in  order  to  show  its  relation  to  the  pyroxene  group, 
this  is  by  no  means  the  way  in  which  it  most  commonly  ap- 
pears.    As  a  rule  the  individuals  classed  under  this  head 
consist  of  minute,  rouud  grains  rarely  exceeding  0.05mm  in  di- 
ameter while  the  crystals  just  mentioned  are  seldom  raucb 
larger,  but  in  a  few  cases  have  been  observed  to  be  as  mucb^ 
as  0.08mm  in  size.     These  small  grains  and   crystals  are  al- 
ways filled  with  innumerable  minute  gas  inclusions  often 
showing  an  exterior  crystal  form  corresponding  somewhat  to- 
the  form  of  pyroxene.    The  general  habit  and  microscopie 
physiography  of  this  mineral  show  that  it  is  the  result  oi 
secondary  action  on  the  sedimentary  rock  and  is  not,  a» 
might  be  supposed,  the  first  crystallization  of  a  quickly  co  oled- 
syenitic  magma. 

A  large  number  of  small,  white  or  very  li^ht  yellow  grains^ 
are  scattered  among  these  green  crystals.  They  possess,  like  the 
latter,  a  high  index  of  refraction  and  exhibit  a  rounded  surface^, 
but  are  without  any  distinguishable  crystal  form.  They  have 
high  polarization  colors,  but  the  extinction  is  not  very  sharp,, 
being  masked  to  some  extent  by  the  internal  reflections  due  ta 
the  high  refractive  index.  It  is  possible  that  these  crystals  are 
related  to  titanite,  but  as  no  tests  have  been  made  to  confirm  thi» 
supposition  it  can  only  be  put  forward  as  a  suggestion  based 
upon  the  general  appearance  and  characteristic  of  the  mineral 
and  their  likeness  to  those  of  titanite  observed  elsewhere. 

Biotite  exists  in  this  rock  as  small  irregular  plates  which 
seldom  exceed  1,0mm  iu  their  greatest  diameter.  Like  those 
described  in  the  other   metamorphosed  rocks  of  this  region  thejp- 
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are  very  strong  in  their  absorption  of  light  and  in  their  pleo- 
chroism.  They  often  occur  filling  the  space  and  marking  out 
the  forms  of  some  other  crystals  which,  from  their  general 
appearance,  seem  to  have  been  large  augites. 

The  question  concerning  the  original  conditions  under 
lehich  these  decomposed  augites  were  formed  immediately  pre- 
sents itself,  but,  as  yet,  no  satisfactory  explanation  of  their 
occurrence  has  been  suggested.  The  rock  in  which  they  were 
found  was  many  feet  below  the  surface  of  the  ground  and  when 
it  was  laid  bare  by  the  opening  of  the  quarry  some  time  ago 
it  appeared  as  a  perfectly  fresh  band  of  metamorphosed  shale. 
The  occurrence  of  large  crystals  of  augite  completely  altered  into 
irregularly  arranged  biotite  plates  could  therefore  hardly  be 
ascribed  to  the  action  of  atmospheric  or  superficial  weathering, 
but  must  rather  be  referred  back  to  the  time  when  the  syenite 
was  still  hot  and  the  contact  rock  was  permeated  by  hot  saline 
waters. 

The  groundmass,  if  it  may  be  so  called,  in  which  these 
tsrystals  are  imbedded  consists  of  a  colorless,  glassy  looking 
material  which,  when  examined  between  crossed  nicols,  is  seen 
to  be  a  double  refracting  substance.  In  many  cases  it  appears 
as  if  it  were  filled  with  lath-Hke  plagioclase  crystals  which  are, 
however,  so  confused  and  distorted  by  the  spheroidal  structure 
that  their  character  is  almost  indeterminable. 

Where  the  metamorphosed  shale  comes  in  direct  contact 
^ith  the  syenite  large  crystals  of  orthoclase  are  found  extend- 
ing out  from  the  latter  into  the  sedimentary  rock  showing  that 
an  exchange  of  substance  and  a  smelting  together  of  the  two  rocks 
has  taken  place.  At  the  onds  furthest  away  from  the  meta- 
morphosed rock  these  crystals  are  comparatively  free  from  inclu- 
sion of  foreign  material,  but  as  they  approach  nearer  to  the  con- 
tact linethey  gradually  become  filled,  first  with  minute,  dust-like 
grains  of  magnetite  and  then  with  small,  green  augitic  crystals 
which  become  more  and  more  frequent  until,  at  last,  the  character 
of  the  feldspar  is  entirely  lost  and  the  mineral  is  completely 
tilled  with  the  green  crystals  as  already  described. 

The  next  band  (C)  is  30cm  (I   foot)    wide  and  consists  of  a 
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shale  in  which,  althoagh  it  has  also  been  much  altered,  a  certain 
stratification  can  be  observed.  A  secondary  cleavage  making  a 
sharp  angle  with  the  contact  of  .the  syenite  and  the  sedimentar^r 
rocks  is  however  much  more  prominent  than  the  original  bed- 
ding planes. 

(D.)  consists  of  a  somewhat  arenaceous  shale  in  which  the 
cleavage  makes  equal  angles  on  both  sides  of  a  normal  to  the 
contact  line.  So  little  change  was  macroscopically  visible  in 
this  belt  that  it  was  deemed  unnecessary  to  examine  it  micro- 
scopically. 

(E,)  is  the  ordinary  shale  of  the  region,  but  its  flat  bedding 
planes  have  been  converted  into  wavy  surfaces  by  the  intrusion 
of  the  igneous  rocks.  All  other  evidences  of  metamorphic  or 
contact  action  are  wanting. 

Another  contact  rock  which  is  of  interest  is  that  occurring 
on  the  hill  south  ot  the  house  marked  '^J.  F.  Moore,  house'^ 
Macroscopically  this  rock  has  a  light  yellowish,  often  almost 
pure  white  color  ancT  contains  numerous  small,  black  grains 
disseminated  through  it.     (Page  179.) 

It  shows  on  its  weathered  surface  a  more  or  less  distinct 
banding,  with  an  alternation  of  protruding  and  receding  layers^ 
which  give  it  the  appearance  of  a  water-worn  shale  in  which  the 
successive  layers  were  not  all  of  the  same  hardness. 

This  rock  lies  immediately  above  the  eleolite  garnet  syenite 
and  may  be  a  zone  of  Paleozoic  rock  which  has  been  altered  by 
the  intrusion  of  these  large  masses  of  igneous  rock. 

Under  the  microscope  the  rock  is  seen  to  be  made  up  of  a 
colorless,  transparent  groundmass  through  which  are  disseminated 
numerous  crystals  of  secondary  biotite  and  magnetite. 

The  groundmass  consists  of  small  (0.1  to  0.2mm)  colorless^ 
transparent  crystals  which  are  nearly  equal  in  all  their  dimen- 
sions. These  crystals  are  so  massed  and  crowded  together  that 
they  only  occasionally  show  an  idiomorphic  form.  When^ 
however,  such  a  form  appears  it  is  hexagonal  and  apparently 
shows  a  rhombohedral  hemimorphism.     Thus  several  cases  have 
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bceo    observed    where    the  or7BUl 
is  so     situated    with    ila     vertical 
axis   perpendicnlar  lo  the  plane  of 
the     thin    section    that    a    hexag- 
onal   outline    is   apparent    and  in- 
side of  that  there  are  a  succession  of 
rhombohedrons  so  situated  that  they 
build  up  a  pyramid  about  the  verti- 
ng aj.   cryMai  n/  uninDirn  imb-  ^   ^^^^   {^^  Sg*  22).     By   raising 
■ttanctinihimtiamBrphBiidrBrnxioo.)  find  lowGnDg  the  tubc  of  the  micro- 
scope the   various  Rcctiona   of  this  pyramid  come   saccessively 
into  foeup. 

The  index  of  refraction  and  the  double  refraction  of  this 
mineral  are  both  high  and  the  character  of  the  double  refrac- 
tion 18  negative.  The  hexagonal  teotions,  observed,  above  are 
isotropic,  The  individuals  are  so  small  that  but  little  can  he 
learned  about  their  optic  properties. 

A.  chemical  analysis  was  made  of  the  rock  by  the  Survey, 
W.  A.  Noyes,  analyst,  with  the  following  results: — 
Analysis  of  metamorphosed  rock. 

SiO, 61.[2 

TlOj- 0.35 

A!,0, 20.86 

Fp,0, 4  22 

CaO - 0.68 

MkO 0  18 

K,0 _    TM 

Na,0 3.66 

Ignition  - 0.68 

Total ,  99.55 

On  account  of  the  small  amouut  of  other  minerals  present 
this  analysis  expresses  approximately  the  composition  of  the 
mineral  constituting  the  gronndmass.  Tbe  analysis  is  approx- 
imately that  of  a  potash  feldspar  and  it  might  be  eapposed  that 
the  gronndmass  consisted  of  some  such  mineral  did  nottheoptie 
behavior  of  the  mineral  militate  against  such  a  oonolnsioD.  The 
identity  of  this  mineral  is,  for  tbe  present,  left  an  opeo  qnestion. 
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Biotite  occurs  Id  small  (0.2  to  O.Smm)  reddish  brown^  hex- 
agonal plates  and  exhibits  strong  pleochroism. 

Magnetite  is  present  in  small  grains  and  rods  and  in  a  few 
cases  has  been  altered  to  hematite. 

Minute  detailed  descriptions  of  several  other  contact  zones 
and  rocks  from  various  localities  might  be  added,  but  they  would 
be  of  little  interest  or  value  for,  in  the  main^  they  are  similar  to 
those  just  described  and  where  other  minerals  appear  their 
identification  is  so  di£5cult,  on  account  of  the  almost  complete 
want  of  characteristic  crystal  forms  and  the  impossibility  of 
separating  the  minerals  satisfactorily  with  any  of  the  heavy 
liquids,  that  such  a  description  as  could  be  given  would  be 
worthless. 

II.      CONTACT   MINERALS. 

Under  the  head  of  contact  minerals  are  included  some  of 
the  most  interesting  minerals  which  occur  about  the  Cove  and 
some  of  those  which  have  raised  the  most  important  discussions 
which  have  ever  occupied  the  mineralogic  world. 

The  contact  minerals  are  of  two  classes,  namely,  (A)  those 
formed  on  the  sandstones  and  quartz  crystals  associated  with  the 
novaculite  rocks  and  (B)  those  formed  by  the  metamorphosing 
of  the  calcite  deposits  inside  of  the  Cove. 

A.    Contact  Minerals  from  Quartz  and  Sandstone. 

Along  the  belt  of  coarsely  crystalline  quartz  rock  which  has 
been  described  (p.  192)  as  lying  just  west  of  Magnet  Post-Office 
and  extending  for  a  kilometer  (0.62  miles)  or  more  in  a  N.  N. 
W.  direction  there  occur  many  large  quartz  crystals  whose  sur- 
faces are  more  or  less  covered  with  brilliant,  black  crystals  of 
brookite  of  all  sizes. 

The  quartz  crystals  themselves  are  of  many  varieties,  some 
being  clear  and  transparent  like  the  so-called  Hot  Springs 
crystals  or  rock  crystal.  These  usually  occur  attached  at  one 
end  and  are  therefore  seldom  doubly  terminated.  Smoky  quartz 
also  occurs  in  this  belt  and  is  often  found  in  very  large  crystals 


304  ANNUAL  REPORT  STATE  GBOLOOIST. 

weighing  in  some  cases  as  much  as  4  to  5  kilos.  (9  to  11  pounds). 
Fragments  of  such  crystals  are  also  found  in  great  numbers  and 
it  is  evident  that  the  Indians  made  use  of  them,  as  well  as  of  the 
novaculite,  in  the  manufacture  of  their  arrow-heads,  spear- 
points,  etc.  In  many  cases  this  smoky  quartz  is  of  a  very 
beautiful  color  and  might  well  be  employed  in  the  manufacture 
of  jewelry  and  objeta  de  luxe.  Milky  quartz  is  much  more 
common  than  either  of  the  two  varieties  just  mentioned  and 
crystals  of  it  often  occur  doubly  terminated.  The  crystals  of 
this  variety  are  usually  somewhat  smaller  than  those  of  either 
the  rock- crystal  or  the  smoky  quartz  found  in  the  same  locality. 

The  quartz  crystals  are  usually  terminated  only  by  the 
primary  prism  and  pyramid  faces  and  seldom  if  ever  show  any 
other  forms.  They  are  generally  much  corroded  on  the  suiface 
and  the  spots  where  brookite  crystals  were  originally  implanted 
are  indicated  by  holes  left  in  the  surface  of  the  crystal.  It  is  an 
interesting  fact  that  these  brookite  crystals  are  not  found  inclosed 
in  the  quartz  crystals  but  only  implanted  on  and  occasionally 
imbedded  in  the  surface. 

Striations  parallel  to  the  horizontal  prism -pyramid  edges  of 
the  quartz  crystals  appear  to  be  almost  if  not  quite  wanting  on 
the  specimens  from  this  locality.  Compare  the  statements  made 
in  the  article  by  Lewis  Feuchtwanger  on  "  The  Parallel  Striae 
or  indented  cross-lines  on  Rock  Crystal  ^'  *  in  which  he  mentions 
the  rock  crystal  from  Magnet  Cove. 

Brookite.  The  brookite  which  occurs  most  commonly  on 
the  quartz  crystals  just  described  is  that  form  which  was  origi- 
nally known  as  arkansite  and  over  which  there  was  so  much 
discussion  concerning  its  composition  and  crystal  form. 

It  was  first  described  by  C.  U.  Shepardf  as  one  of  three 
new  minerals  which  had  been  sent  to  him  by  the  Rev.  E.  R. 
Beadle  of  New  Orleans.  Shepard  gives  the  accompanying  figure 
(Fig.  23)  as  representing  the  crystal  form  of  the   mineral  and 

*  ProceediDgs  of  the  American  Association  for  the  Ad?ancem«iitof  Sdenoe,  Vol.  X1X.» 

(1870)  1871. 

t  On  three  neir  mineral  species  from  Arkansas,  etc.     Am.  Jour.  Sci.  Series  2,  Vol.  II.» 
1846,  p.  249. 
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T        .  A    II-  />!    I  J      i_       Figure  28.    Brookite  (ark- 

Ijustre   metalJic.     Color  darK  amue)  {flfter  sheiMrd). 


describes  the  angles  and  the  fares  as  follows :    ^^  Primary  fouxu. 
Right  rhombic  prism.     M  on  Jf,*  101°. 
Secondary  form  : — M  on  o,  133°  45'. 
c  on  c  over  the  edge  x    135°  15'. 
Edge  X  inclines  to  edge  x  at  about  94°. 
Cleavage  indistinct.     Surface  M^  brilliant, 
c  less  so,  d  brilliaBt,  though  drusy,  and  chan- 
nelled vertically.     Fracture  sub-conchoidal, 
to   aoeven. 

steel-gray  to  iron  black.     Face  c  tarnishes  blue,  like  specular 
iron.     Streak   dark   ash-gray.     The   powder  (until  it  becomea 
perfectly  fine)  shows  points  with  metallic  lustre. 
Brittle.     Hardness  7.0-7.5." 

In  a  foot  note  Shepard  gives  a  number  cf  chemical  reactions 
obtained  from  the  mineral  and  comes  to  the  conclusion  as  far  aa 
his  investigation  and  the  quantity  of  material  at  his  disposal 
would  permit,  that  the  mineral  consists  of  a  titauate  of  yttria,  in 
which  neither  lime,  oxide  of  cerium,  iron  or  manganese  are 
present.  He  describes  the  crystals  as  being  about  one-fifth  of 
an  inch  in  diameter  and  as  occurring  implanted  upon  quarts 
crystals,  which  are  attached  to  a  surface  of  brownish  green 
coccolite.  He  named  the  supposed  new  mineral  arkansiie  after 
the  state  in  which  it  is  found. 

In   1847  under  the   heading  of  '^Further  account  of  the 
Arkansite'^t  Shepard  describes  a  crystal  which  came  from  Dr.. 

W.  B.  Powell  of  Memphis,  Tenn.,  who  was 
the  discoverer  of  the  locality  and  the  finder 
of  the  specimens  which  Shephard  first 
obtained  from  £.  R.  Beadle.  He  mentions* 
the  occurrence  of  a  new  face  a  (Fig.  24)r 
which  truncates  the  acute  angles  of  the  pri- 
siS)U^8h^iS^  ^"*"""  mary  form,  and  he  states  that  the  angle  JT 
on  Jf  is  constantly  between  the  values  101°  and  101°  15',  while 
that  of  a  on  a  is  12d°.  He  gives  the  specific  gravity  as  3.854». 
He  then  gives  a  number  of  chemical  tests  and  closes  by  stating- 

«  The  lettering  originallj  used  by  Shepard  hu  been  retained, 
t  Am.  Jour.  Scl.  Series  2,  Vol.  IV.,  1647,  p.  729. 

20  Gcolofieal;  Vol.  li.,  1800. 
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it  as  his  opinion   that  the  arkansite  is  a  ''niobate  of  yttria  and 
thorina?"  * 

In  1849  a  number  of  articles  appeared  on  the  sabject  of 
arkansite  most  of  which  were  evidently  written  without  the 
knowledge  of  the  existence  of  the  others. 

August  Breithaupt  published  an  article  entitled  '^Mineralo- 
gische  Beschreibung  des  Arkansits'^f  i^  which  he  gives  the 
measurements  of  the  angles  and  calculates  an  axis  ratio  for  the 
new  mineral.  He  places  the  crystal  in  a  different  position  from 
that  adopted  by  Shepard  and  obtains  the  following  faces  (Figs. 
25  and  26)  angles  and  axis  ratio : — 


Fig.  25.  Fig.  26. 

BrookUe  {arkansite)  {after  BrtUhaupt.) 

P :  P-=  Ub""  15'  short  polar  edge;  95°  20'  long  polar  edge; 

101°  18'  basal  edge, 
y-  iPoc--l24°  2'  i^2Poc=79°  41' 

c=3Pdb=68°  10'  «=Pcx)=86°  31' 

l^ooPob  n=2P=  1 25°  56' 

Axis  ratio  a:b:  c=l  :  1 .668802  :  0.941023. 
He   states  that  the   crystal  cannot  be  made  to  coincide   with 
brookite. 

In  July,  1849,  a  note  from  W.  H.  Miller  t    was  published 
by  the  editor  of  the  Philosophical  Magazine  in  |irhioh  it  is  stated 

*  Id  the  Jahreebericht  Qber  der  Fortschritte  der  rolnen,  phftnn.  und  taehoisoh  Chraile, 
Physic,  Mineralogle  and  Oeologie.  Heraasgegben  Ton  J.  Liebig^und  H.  Kopp,  1847-4S,  then 
appears  on  page  1160  a  resume  of  Shepard 's  two  descriptions  and  a  note  to  the  effect  that  io 
the  volame  for  1849  the  close  i  elation  of  this  mineral  ta  brookite  would  be  diaooaed. 

t.Poggendorfl 's  Annalen.  Band  LXXVII.,  1849.  p.  802. 

X  Phil.  Mag.  (3)  XXXV.,  1849,  p.  75. 
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that  the  arkansite  of  Magnet  Cove,  Ark.,  is  crystallographically 
identical  with  brookite. 

Another  paper  which  was  published  on  this  subject  at  about 
this  time  was  entitled  ''Examination  of  three  new  mineral  species 
proposed  by  Prof.  C.  U.  Shepard,  by  J.  D.  Whitney"  *. 

In  this  article  Whitney  says  that  Shepard  called  the  mineral 
^*titanate  of  yttria  and  possibly  zirconia  and  thoriua  and  then 
•decided  that  it  was  ''a  niobate  of  yttria  and  thorina."  Whitney 
found  it  to  be  pure  titanic  acid  with  only  a  trace  of  iron  and 
redetermined  the  specific  gravity.  He  also  states  that  it  has  the 
<;ry8tal  form  and  specific  gravity  of  brookite. 

Teschemacher  f  examined  the  same  crystal  that  Whitney 
^id  and  also  came  to  the  conclusion  that  it  was  brookite.  Ele 
obtained  the  following  angles:— J!f:  J!f==100°,  if :  c=133''  35' 
<5 :  c=135°  45'  a  :  a=124°  (See  Fig,  24  on  page  305,) 

In  the  same  year  C.  Rammelsberg  published  a  paper  enti- 
tled ^'Ueber  die  Identitat  des  Arkansits  und  Brookits  in  chem- 
ischer  und  krystallographischer  Beziehung.'' ^  He  first  shows 
that  Shepard's  determination  of  the  chemical  composition  of  the 
mineral  is  wron^  and  that  the  substance  is  a  pure  oxide  of  tita- 
nium, TiOj.  Crystallographically  he  shows  the  close  coinci- 
dence between  this  new  mineral  and  brookite  althout^h  the  habit 
of  the  two  minerals  is  quite  different.  He  next  compares  the 
specific  gravities  of  arkansite,  brookite  and  anatase  and  comes  to 
the  conclusion  that  arkansite  is  an  oxide  of  titanium  which 
has  the  crystal  form  of  brookite,  but  the  density  of  anatase. 

Damour  and  Des  Cioizeaux  published  ||  some  analyses  and 
made  a  number  of  specific  gravity  determinations.  The  analy- 
ses are  as  follows  : — 


•Journal  Bostoa  Nat.  Hist.  Soc.,  Vol.  YI.,  1849,  p.  42  (original  article.) 
Notice  of  same  In  Am.  Jour.  Scl.,  Series  2,  Vol.  VII.,  1849,  page  433. 
Also  Proo.  of  Boston  Soc.  Nat.  Historj,  Vol.  III.,  1851,  p.  96,  (entitled  *' Analyses  of  C. 
V,  Shepard's  New  Minerals.") 

t  Proc  Boston  i^'oc.  Nat.  Hist.,  Vol.  II.,  1849,  p.  132  (original  paper)  and  Am.  Jour, 
eel.  Series  2,  Vol.  VIII,  1849,  p.  274. 

tPofgeodorfl's  Annalen,  Band  LXXVII.,  1849,  p.  686. 

I  Ann.  If  in.  (4)  Vol.  XV,  p.  447.    Cited  after  the  Jahreabericht  Qber  die  Fortschritt 
Chemie,  etc.   Llebig  and  Kopp,  1849,  p.  729. 
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Analyses  ofarkansUe  {Damour  and  Des  Clotzeaux-^ 


CONSTITUENTS. 


TiO,.... 
FeiOs. 

SiOa.... 


I080I  Rosidus..... 


ToUl. 


a. 


99.86 
1.36 
0.78 


101.45 


b. 


96.72 


6.89 


108.11 


c. 


101.69 


1.39 


108.07 


The  suggestion  is  made  that  some  of  the  titanic  acid 
is  present  in  the  form  of  a  lower  oxide. 

Breithaupt  published  a  second  article  entitled  ^'  Ueber 
Pleomorphic  der  Titansaiire,"  *  as  an  answer  to  Miller  and 
Rammelsberg  and  in  it  he  refers  to  their  two  articles  and 
in  substantiation  of  his  views  states  that  brookite  has  a 
cleavage  parallel  to  the  prisms  making  an  angle  of  104^12'' 
with  each  other  while  arkansite  has  not.  He  suggests  that 
there  are  four  varieties  of  TiOj,  viz: — 

Arkansite  and  brookite — orthorhombic. 
Anatase  and  rutile — tetragonal. 

R.  Hermann  published  a  paperf  in  which  he  states  that 
he  has  confirmed  the  previous  measurements  obtaining  the 


Fig.  27.  Fig.  28. 

Brookite  {arkansite)  {after  Hermann,) 

prismatic  angle  100^80',  and  the  octahedral  angles  136^3(K; 
101°  and  94°'  He  gives  two  drawings  of  the  crystals,  FigB. 
27  and  28.   His  analysis  afforded: — 

«  Fogg.  Aonalen.  Band  LXXVIII.,  1849,  p.  143. 

t  Journal  fflr  praktitche  Ch«mie,  too  Erdmann  and  Werthe,  Jahif .  1850,  p.  SOO ;  alt  ^ 
Am.  Jaur.  Sci.  Series  2,  Vol.  XI.,  1851,  p.  229. 


XAGNBT  COVE  BOCK  — CONTACT  MINEBALS. 


309 


Analysis  of  arkansite  (Hermann.) 

TiO, 96.50 

Fe,0, 1.00 

U,0 Trace. 

8iO,  and  gangue 2.50 


Total 100.00 

Specific  gravity  8.79  (much  lower  than  usual,  probably 
-due  at  least  in  part  to  impurities — J.  F.  W.) 

la  1876  G.  vom  Rath  published  among  his  '^  Mineralog- 
ische  Mittheilungen"  an  article  entitled  ^'Brookit  von  At- 
liansk  im  Ural  und  Arkansit,  umgeiindert  in  Rutil  aus  Ar- 
kansas." *  G.  vom  Rath  states  that  it  is  probable  that  the 
brookite  crystals  from  Magnet  Cove  come  from  two  distinct 
localities  because  he  finds  two  varieties  which  are  quite  dif- 
ferent from  each  other.  The  first  variety  he  designates  as 
i^A)  and  describes  them  as  black,  unaltered  brookite  which  is 
proved  to  be  such  by  its  specific  gravity.  The  second  variety 
•(J5)  consists  of  '  blackish  or  reddish  brown/  altered  crystals 
possessing  a  peculiar  glistening  surface  and  the  specific  gravity 
of  rutile. 

The  crystals  {A)^  which  range  from  8  to  15mm  in  size  are 
bounded  by  the  faces,  €=Pi  (122),  i/=ocP(110),  2=iP(112), 
^=2Pc&(021).t 

The  face  e  often  predominates  to  such  an  extent  that  z 
is  either  wanting  or  appears  only  as  a  bevelment  of  the 
brachydiagonal  polar  edges  of  e,  and  If  and  t  appear  only  as 


./<'. 


^^->    ■•;•■' 


~*.^ 


Fig.  29.  Fig.  SO. 

Brookite  /rum  Magnet  Cove  {after  fom  Rath.) 


Fig.  :n. 


^  Poggendorff *«  Annalen,   HuihI  CLVIIl.,  187G,  p.  407,  witli  a  supplemant  in  the  X 
Jahrb.  f.  Mineralogie  Jahrgang,  I87«f,  p.  397. 

t  The  Mliler  nomeDclatme  iii  not  giren  in  the  original  article,  but  is  replaced  bj  that 
«f  WelM. 


SIO  AHNITAI.  REPORT  STATR  QBOLoaiST. 

subordinate  faces  beveling  the  corners  (See  Fig.  29).  Some- 
times the  faces  JIf  and  e  are  equally  developed  aod  tbe  ap- 
pareotly  dihexabedral  form  of  tbe  arkansite  crystals  (Fig.  31^ 
is  formed.  Again  tbe  crystals  have  tbe  appearance  of  that 
sbown  in  fig.  30  and  consist  of  a  combination  of  e  and  the- 
macropinacoid.  Tbe  latter  face  is,  however,  not  s  simple 
face,  bnt  is  made  up  of  a  frequent  alternation  of  the  prism 
faces.  Q.  vom  Ratb  determined  tbe  specific  gravity  for  tbe 
crystals  {A)  witb  tbe  brilliant  surfaces  as  follows: — 3.807, 
3.962  and  4.074. 

The  crystals  (£)  occasionally  attain  a  length  of  40mm  and 
are  usually  in  the  form  of  the  apparent  dihezabedron.     In 
some  cases  tbey  are  bounded  by  tbe  faces  z  (112)  aud  if  (110) 
(See  Sg.  32)  a  combination  which  has  not  previously  been 
observed.    This  form  is  aomwhat  similar  to  that  of  rutile 
and  tbese  crystals  have  often  been  mistaken  for  that  mineral. 
The  angles,  which  on  acconnt  of  the  peculiarly  glimmering 
surface  of  tbe  crystal  can  only  be  measured  with  a  contact 
goniometer,  are  those  of  brookite.   Besides  tbe  already  men- 
tioned pecoliarities  of  tbe  crystals  (£) 
vom  Rath  mentions  and  describes  tbe 
peculiar  motrc'mefaft^ue  lustre  which  is 
so  characteristic  of  them.    He  states 
that  the  surface,  as  shown  in  fig.  32, 
is  due  to   numberless,  minute  rutile 
crystals  which  cover  tbe  surface  of 
the  crystal.    At  tbe  same  time  the 
Fig.  32.  sr«,i^f^M^«i  interior  of  the  crystal  is  found  to  be 
c<i>-c  {afirr  vom  jtaih.]  rcplaccd  by  Ted,  rutile  crystals  aod 

the  whole  arkansite  crystal  has  become  a  paramorph  of 
rutile  after  brookite. 

Q  vom  Bath  determined  the  specific  gravity  of  some  of 
these  paramorphs  with  tbe  following  results: — 
Sp.  gr.=4.148,  4.198,  4.199  and  4.212. 
It  is  evident  that  these  values  are  those  of  rutile. 
Occasionally  tbe  rutile  crystals  making  up  theae  para- 
morphs are  so  small  that  their  forms  cannot  be  determined^ 
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but  usually  the  forms  P  (111),  cx)P  (110),  ooPoo(lOO),  Poo  (101), 
and  ocf^  (320)  are  easily  distinguished  and  the  positions  of 
the  crystals  determined.  A  20mm  dihexahedral  crystal  of 
arkansite  which  was  altered  to  rutile  crystals  5mm  in  length 
was  found  by  vom.Rath  with  the  original  American  label 
reading  ^^  Arkansite  with  an  habit  of  Rutil'\  He  remarks 
that  the  alteration  is  not  only  superficial,  but  is  a  complete 
transformation  in  the  substance  of  the  crystal. 

It  is  seen  from  the  above  description  that  the  rutile  crys- 
tals form  parallel  aggregtions  and,  what  is  more  remarkable, 
that  the  latter  arrange  themselves  in  certain  positions  with 
regard  to  the  brookite  crystals  which  they  replace.  On  the 
face  Jlf  the  rutile  prisms  are  vertical  and  are  so  situated  that 
a  prism  of  the  second  order  (100)  would  coincide  with  the 
macropinacoid  (100)  of  the'brookite.  This  is  shown  diagram- 
atically  in  fig.  31.  Another  arrangement  is  that  where  the 
small  rutile  prisms  lie  at  right  angles  to  the  brachydiagonal 
edges  of  the  pyramids  e*  G  vom  Rath  then  remarks  on  the 
fact  that  the  paramorphosed  arkansite  crystals,  if  the  para- 
morpbism  is  left  out  of  the  question,  might  easily  be  mistaken 
for  twin  crystals  of  rutile  and  he  goes  on  to  show  from  a 
crystallographic  standpoint  how  this  occurs. 

G.  vom  Rath  closes  his  article  with  the  remark  that  this 
transformation  of  brookite  into  rutile  presents  a  new  example  of 
two  forms  of  one  and  the  same  substance,  which  both  occur  in  the 
shape  of  one  of  them.  This  shape  was  left  by  the  earlier  form  as 
a  proof  of  its  previous  existence  while  the  other  form  now  exists 
filling  the  space  originally  occupied  by  the  former. 

In  1886  8.  L.  Penfield  published  an  article  entitled  ^'Brook- 
ite from  Magnet  Cove,  Arkausas,''t  in  which  he  gives  the  meas- 
urements and  description  of  some  fine  brookites  from  the  col- 
lections of  Professor  G^  J.  Brush  and  Yale  College.  He  states 
that  but  little  has  been  published  in  American  journals  upon  the 
subject  of  this  mineral  and  that  nothing  can  be  said  in  regard  to 
its  geologic  relations. 

*  Farther  notes  on  this  subject  appear  ia  N.  Jahrb.  f.  Biln.,  Jahrg.,  1876,  p.  807. 
t  Am.  Jour.  Scl.  Series  3,  Vol.  XXXI.,  1886,  p.  887. 
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The  forms  which  Penfield  observed  are  as  follows : — 

€=1^2  (122)  o^ooPcxj  (100) 

z=kP  {112)  w=ooP(110) 

X=hP'2  (124)  i=2P6b  (021) 

PeDfield  writes  regarding  these  faces  : — 

^^  Of  these  forms^  e  is  the  most  common,  occurring  frequently 
^lone,  usually,  however,  in  combination  with  m.  This  latter 
combination  is  especially  interesting  when  the  priam  is  of  such 
^  siEe  that  it  meets  the  four  planes  of  the  pyramid  at  the  ex- 
tremity of  the  6  axisyforming  there  a  eolid  angle  of  six  faces ; 
-(Fig.  17,  pK  20).*  This  combination  is  very  common  and 
appears  like  a  doubly  terminated  hexagonal  pyramid.  The 
brachydiagonal  pole  edge  of  e  is  inclined  60^  45'  to  the  vertical 
axis,  so  that  the  projection  of  the  six  faces  upon  the  brachypin- 
■acoid  would  be  almost  a  perfect  hexagon.  As  a  rule,  the  faces 
•of  the  prism  vary  in  lustre  from  the  pyramid  and  the  frequent 
truncation  of  the  vertical  edge  of  m  by  the  macropinacoid  a 
serves  as  a  ready  means  of  orientation.  The  next  most  fre- 
quently occurring  pyramid  is  a,  which  usually  occurs  beveling  the 
branchydiagonal  pole  edge  of  e;  fig.  21,  pi.  20  showing  also  the 
prism  m,  a  very  common  combination.  The  brachydome  t  is 
not  so  common  as  the  above  mentioned  forms  and  usuallv 
appears  with  very  small  faces.  One  hand  specimen  of  a  very 
much  decomposed  siliceous  rock  contained  a  great  number  of 
small  lustrous  crystals  about  2mm  in  diameter,  which  show  a  very 
large  development  of  ^,  (fig.  19,  pi.  20)  but  I  have  seen  no  large 
crystals  with  this  habit.  The  macropinacoid  a,  appears  very 
frequently,  but  seldom  largely  developed. 

''  The  crystal  which  first  attracted  my  attention  is  about 
7mm  in  ita  greatest  diameter  with  very  lustrous  faces  and  sym- 
metrical development;  it  is  only  a  fragment.  It  shows  all  of 
the  forms  mentioned  above  with  the  addition  of  x*  which  bevels 
the  macrodiagonal   pole  edge  of  z.     X  '^^  ^  ^''^  pyramid  in  this 

^  The  figures  drawn  by  rcofield  are  identical  with  some  of  those  publlahed  later  hj 
Dana  and  hence  Penfield's  figure  numbers  are  altered  to  refer  to  Dana**  figures  on  pUtas 
Id  and  20  of  this  report. 
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species,  and  was  first  identified  by  von  Leuchtenberg  (Materi- 
alien  znr  Mineralogie  Russlands,  VI.,  204)  on  crystals  from 
the  Urals.  The  planes  are  arranged  as  in  fig.  14,*  plate  20.  It 
will  be  noticed  that  the  prominent  pyramid  is  here  z,  while  e  is 
very  subordinate.  I  have  been  able  to  find  no  duplicate  of  this 
crystal.  Except  the  large  round  crystals  which  are  wholly 
chan)i;ed  into  rutile  and  which  have  the  habit  shown  in  fig.  14, 
pi.  20,  only  with  more  prominent  prismatic  development ;  all 
that  I  have  seen  show  the  pyramid  e  largely  developed.  The 
two  pyramids  z  and  e  might  be  mistaken  for  one  another  were  it 
not  for  the  prism  m  which  serves  for  orientation. 

'*'  The  angles  which  were  measured  and  served  for  the 
identification  of  the  faces  (on  crystal  shown  in  fig.  14,  pi.  20) 
are  given  in  the  following  table,  together  with  the  corresponding 
angles  taken  from  Kokscharow. 


Eokscharow. 

e  :  e 

122  : 

122 

44° 

19J' 

44° 

23' 

z   :  z 

112  : 

112 

63 

37 

63 

48 

112  : 

T12 

53 

42 

63 

48 

112  : 

112 

44 

80 

44 

46 

X  't 

124  : 

124 

28 

89 

28 

28 

124  : 

124 

28 

41 

28 

28 

e   :  2 

122  : 

112 

17 

3J 

17 

6 

tn'.m 

110  : 

110 

80 

6 

80 

10 

110  : 

110 

99 

5H 

99 

50 

a   :m 

100  : 

110 

40 

4 

40 

6 

m:  z 

110  : 

112 

53 

40 

63 

45 

110  : 

112 

53 

40 

53 

46 

ot:  t 

110  : 

021 

55 

18 

55 

19 

no  : 

021 

56 

m 

55 

19 

It  will  be  noticed  that  the  angles  agree  closely  with  those 
given  by  Kokscharow,  and  a  consideration  of  those  angles  cal- 
xsulated  to  determine  the  monoclinic  symmetry  of  the  crystal, 
i.  e,,  m  :z  and  m  :  t  give  us  no  sufficient  ground  for  assuming  that 


*  Figure  li,  plate  20,  dtflTert  from  Penfleld'n  flyure  4  only  in  the  ilie  of  the  ftces  i  and 
JIC*  Id  Penfleld's  figure  .v  ^^  long  and  narrow  while  s  is  wide  and  intenocta  the  face  e  in  an  edge. 
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the  crystallization  is  other  than  orthorhombic.  The  reflections 
from  the  faces  of  these  crystals  are  usually  not  very  sharp;  those 
from  the  one  shown  in  fig.  14,  pi.  20  are,  however,  an  exception. 
In  this  crystal  vicinal  faces  lay  in  the  prismatic  zone  making  an 
angle  of  0^  39'  with  m,  and  with  the  front  edge  of  the  vicinal  prism 
measuring  81^  22^  There  is  also  a  vicinal  pyramid  inclined 
0°  2V  to  z,  and  in  the  zone  z,  e,  the  vicinal  faces  being  nearest  to 
e  and  showing  faint  though  distinct  reflections. 

"The  gravity  of  this  crystal  taken  very  carefully  is  4.084.'* 
Later  in  the  same  year  Edward   S.  Dana   published   an 
article*  entitled  "On  the  Brookite  from  Magnet  Cove,  Arkansas'* 
in  which  he  describes  and  figures  a  large  number  of  beautiful 
crystals  from  the  collection  of  Mr.  Clarence  S.  Bement  of  Phila- 
delphia, Pa.     In  order  to  make  the  paper  as  complete  as  possible 
Dana  figures  a  large  number  of  combinations  both    of  the  older 
well  known  forms  and  of  the  new  ones  about  to  be  described.. 
These  are  shown  in  the  two  plates  subjoined,  the  electrotypes 
for  which  were  kindly  loaned  to  the  Survey  by  Professor  Dana. 
Dana  determined  the  following  planes  on  the  crystals  : — 
Pinacoids,  a-ooPoo  (100),  c==OP  (001);   prisms,   l=ooP^ 
(210),  m^c5oP(110),  (p=ooP'2  (120)  new;  brachydome  <=2Pob 
(021);   pyramids,   .-JP  (112),    x^-P^^   (124),     §-fP|   (234), 
e-^R2  (122.) 

The  remainder  of  the  paper  has  been  copied  verbatim  from 
Dana  with   only  a   few   changes   to   make   the    nomenclature 
correspond  to  that  used  in  other  parts  of  this  report. 
Dana  describes  the  individual  crystals  as  follows : — 
"The  crystals  may  be  roughly  divided  into  those  of  prisma* 
tic,  and  others  of  pyramidal   habit.     In  the  former,  figures  1  ta 
12,  with  also  figs.  14,  15,  16,  18,  (Plates  19  and  20,)  the  funda- 
mental prism,  m^  usually  predominates;  the  forms  vary  much^ 
however,  according  to  the  pyramid  by  which  they  are  termina- 
ted.    Figure  1,  pi.  19,  is  a  common  form,  occuring  in  crystals 
of  relatively  large  size,  sometimes  1  to  2  inches  in  length;  here 
the  pyramid  z  (112)t  is  alone  present.     This   form,  though  so 

«  Am.  Joar.  Sci.,  Series  8,  Vol.  XXXII,  1866,  p.  814. 

t  Dana's  abbreTiation  of  the  Naamann  sjmbels  are  omitted. 


(lyjouuiUM.  si;kvky  of  Arkansas.         asm  ai.  rki'«<rt  for  iSc/o.     vol-  ii.     plate  ao. 


liROOKITK  Kk(»M   MA(;NKr  COVE.     (AKTKR  K.  8.  DANA.) 
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simple,  is  interesting  because  of  the  similarity  it  bears  to  a 
common  form  of  rutile,  the  allied  species^  also  TiOj  in  composi- 
tion. This  resemblance  is  apparent  at  once,  as  was  remarked 
bj  vom  Rath,  and  is  in  a  measure  borne  out  by  the  angles  of 
the  two  species.  In  rutile  the  prism  is  one  of  90^  and  the 
pyramid  «  (111)  is  a  tetragonal  pyramid  with  a  terminal  angle 
of  56°  22^';  in  this  related  orthorhombic  form  the  prismatic 
angle  of  80°  KY  and  99°  5(y  and  the  pyramid  z  has  terminal 
angles  of  53°  48'  and  44°  46',  calculated  from  the  measurements 
by  von  Kokscharow  on  the  usual  assumption  that  the  species 
is  orthorhombic.  It  is  interesting  to  note  that  this  type  of 
crystal  is  the  One  which  most  frequently  shows  the  paramorphio 
change  to  rutile.  Figure  4,  pi.  19,  represents  a  form  much  like 
that  just  alluded  to  but  showing  also  the  common  brachy- 
pyramid  e  (112)  which  by  some  authors  is  made  the  unit  pyra- 
mid. Figures  2  and  8,  pi.  19,  show  other  crystals  much  ^maller^ 
and  marked  by  the  presence  of  the  basal  pinacoid.  The 
crystals,  represented  in  Bgures  5  to  8,  pi.  19,  were  small,  about 
^  to  i  inch  in  length,  and  of  a  rich  reddish  brown  color,  differ- 
ent from  the  common  color  of  the  crystals  of  the  locality,  which 
is  deep  black.  The  pyramid  which  predominates  here,  some- 
times to  the  obliteration  of  other  terminal  faces,  is  the  obtuse 
brachypyramid  ^  (^24)  with  terminal  angles  of  48°  bi'=^XX^"^ 
(124:  124)  and  28°  28'=^:^:'  (124  :  124.)  The  planes  z  and  x  are 
often  striated  deeply,  parallel  to  their  mutual  intersections,  and 
the  oscillatory  combination  of  these  planes  is  sometimes  so 
marked  that  the  termination  appears  to  be  made  by  two  brachy- 
domes.  Figure  6,  pi.  19,  is  a  basal  projection  of  a  crystal  near 
that  shown  in  fig  5,  pi.  19  but  having  also  the  planes  c  and  e. 
"The  crystal  drawn  in  figs.  7  and  8,  pi.  19,  is  interesting  as 
showing  the  rare  plane  Q  (234)  in  the  zones  z,  e  and  y,  m.  This 
plane  has  not  been  observed  before  at  this  locality,  and  has  only 
been  noted  by  Groth  and  BUcking  (Mineralien-Sammlung, 
Strassburg,  p.  110,  1878)  on  a  crystal  from  the  Maderanerthak 
Figure  16,  pi.  20,  shows  another  prismatic  form  with  an  acute 
termination  formed  by  the  dome  t  and  the  pyramid  e.  Figures 
14  and  15,  pi.  20,  represents  a  short  prismatic  form  of  unusual 
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complexity;  fig.  25,  pi.  20,  (after  Penfield)  is  a  basal  projection 
of  aD  allied  form,  but  one  in  which  the  pyramid  X  ^^  ^  narrow 
bevelment  of  the  brachy-diagonal  terminal  edge  of  z,  much  as 
2  bevels  the  macro-edge  of  e. 

^'Figures  11  and  12,  pi.  19,  represent  a  rare  type  of  form 
in  which  with  the  unit  prism  we  have  also  the  ptisms  /  (210) 
and  ^  (120).  This  last  plane  is  a  new  one  for  the  species;  it 
was  determined  by  the  measured  angles : 

(f  if'  =  120  :  120-62°  1'  :  61°  26'  calculated  (Kokscharow). 
In  figures  9  and  10,  pi.  19,  a  common  type  of  crystal  is  repre- 
sented in  which  the  macro-prism  /  predominates.  These  crystals 
are  often  quite  flat  parallel  to  the  macropinacoid  from  the  oscilla- 
tory combination  of  the  two  prisms  I  and  m,  and  the  termination 
is  often  formed  by  narrow  faces  of  the  pyramid  e.  In  fig.  18, 
pi.  20,  the  prism  I  is  alone  and  the  appearance  of  the  crystal  is 
strongly  in  contrast  to  the  stout  nearly  square  prism  of  figs.  1, 
2,  etc.,  pi.  19. 

^'The  remainder  of  the  crystal  figured  are  essentially 
pyramidal  in  type.  The  most  interesting  of  these  is  figure  17, 
pi.  20,  in  which  the  planes  m  and  e  are  ''in  equilibrium''  and 
thus  form  a  nearly  regular  hexagonal  pyramid.  This  is  one  of 
most  common  and  striking  types  occuring  at  the  locality ;  many 
of  the  crystals  occurring  implanted  upon  massive  quartz  have 
this  habit.  The  front  edge  of  the  prism  m  is  not  infrequently 
truncated  by  the  macropinacoid  a,  and  sometimes  the  planes  c,  x, 
X  and  t  are  also  present  as  shown  in  figs.  20, 22,  23,  pi.  20,:  these 
more  complex  forms  still  preserve  the  hexagonal  aspect  by  the 
predomination  of  e  and  m.  Fig.  19,  pi.  20,  is  a  form,  observed 
by  Penfield,  of  small  crystals  implanted  thickly  on  a  porous 
siliceous  gangue. 

''In  fig.  21,  pi.  20,  a  form  is  shown  in  which  the  pyramid  e 
predominates,  only  modified  by  z  and  m ;  in  fig.  24,  pi.  20,  m  is 
absent  and  only  the  pyramid  e  present  with  its  front  edge 
beveled  by  z.  The  ordinary  projection,  used  in  fig.  21,  pi.  20, 
fails  to  give  the  true  efiect  of  this  type,  which  is  that  of  an  acute 
nearly  square  pyramid,  elongated  in  the  direction  of  the  a  axis. 
The  shape  is  better  exhibited  in  the  basal  projection  of  fig.  24, 
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pi.  20.  This  form  isinterestiug  in  the  same  way  as  fig.  1,  pi.  19, 
in  that  it  approximates  in  form  and  angle  to  the  common  acute 
octahedron  of  the  third  form  of  titanium  dioxide,  octahedrite.. 
The  pyramidal  angles  of  the  latter  species  are  82°  9^  82°  9'  and 
43°  24'  (basal),  while  the  corresponding  angles  of  brookite  are 
84°  38',  78°  57'  and  44°  23'.  This  type  of  crystal  is  ofteft 
altered  to  rutile.  It  may  be  added  that  the  crystal  figured  in 
24,  pi.  20,  was  most  strikingly  like  the  pseudomorphs  of  wolfram 
after  scheelite  from  Monroe,  Connecticut. 

''As  has  been  remarked  by  Penfield,  the  brookite  from 
Magnet  Cove  is  ill  adapted  for  close  measurements.  Many  of 
the  planes  are  straited,  as  those,  of  the  prismatic  zone,  and  tho^e 
of  the  zone  z^  /,  x^^  2'.  Even  when  the  planes  are  seemingly 
smooth  they  give  uncertain  or  multiple  reflections.  The  follow- 
ing meaaurements  obtained  from  the  best  of  the  crystals  under 
examination,  are  however,  worth  recording,  though  not  deserv- 
ing of  great  weight. 
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• 
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''A  comparison  of  these  angles  and  those  obtained  by  Pen-, 
field  show  a  considerable  variation  among  themselves;  while  on 
the  whole  they  correspond  tolerably  well  with  the  measurements 
by  KokscharOw  of  Russian  crystals.^' 

The  latest  contribution  to  a  knowledge  of  the  brookite 
and  rutile  from  Magnet  Cove  consists  of  an  article  by  Max 
Bauer  entitled  ''  Ueber  die  Paramorphosen  von  Rutil  nach 
Brookit  von  Magnet  Cove,  Arkansa8'\  * 


*  fieitrigt  lur  Mineralogle,  VII.  Beihe  (No.14).  Neuts  Jabrb.  f.  Mineral.,  Jabrgang,  1881., 
Band,  I.,  pp.  217-282. 
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£auer  was  led  to  undertake  this  iDvestigation  by  the 
deeire  to  follow  further  the  question  whether  or  not  there 
exist  in  nature  true  paramorphs,  that  is  crystals  which  have 
simply  changed  their  crystal  form  by  a  re-arrangement  of  the 
molecules  without  changing  their  substance  in  any  way. 
He  had  already  studied  the  pseudomorphs  of  calcite  after 
aragonite  from  Klein-Sachsenheim*  and  the  pseudomorphs 
of  aragonite  after  calcite  from  Swedenf  and  in  both  cases 
had  shown  that  something  more  than  a  simple  molecular  re- 
arrangement had  taken  place.  He  then  decided  to  investi- 
gate the  crystals  of  rutile  in  the  form  of  brookite  from  Mag- 
net Cove,  which  had  been  described  by  G.  vom  Rath.^ 

The  first  investigations  were  made  on  the  rutile-like 
Brookite  crystals  originally  described  by  vom  Rath  §  and 
E.  S.  Dana||.  These  crystals  are  bounded  by  the  faces  M= 
'X)P(llO)  and  z=\P{\\2)  and  according  to  the  measurement 
of  the  angles  they  are  undoubtedly  of  the  brookite  form.  G. 
vom  Rath  found  the  specific  gravity  oi  these  crystals  to  be 
that  of  rutile. 

Bauer  redetermined  one  of  vom  Rath's  weighings  and 
found  it  perfectly  correct.  He  compares  vom  Rath's  several 
determinations  of  the  specific  gravity  of  these  pseudomorphs 
with  the  values  of  brookite,  arkansite,  rutile  and  nigrine 
given  in  Websky's  tabled  and  remarks  that  the  values  found 
for  the  in  mineral  question  are  appreciably  higher  than  those 
of  unaltered  brookite  and  approach  the  values  given  for  rutile. 
He  adds,  however,  that  these  results  alone  have  but  little 
significance  since  some  specimens  of  brookite  show  values 
higher  than  those  found  for  the  pseudomorphs  and  that  the 
variations  are  probably  due  in  a  great  measure  to  the  amount 
of  ferric  oxide  contained  in  the  mineral. 


^  Neues  J<<hrb.  f.  Minerit.,  Jiihrg.(ng.  1886,  Band  I.,  p.  62. 

t  Nenca  Jahrb.  t.  Minera'..  Jahrging.  1890,  Bind  I.,  p.  12. 

\  Poggeodortl  's  Annalen.  Band  CLVIH,  1876,  p  41)7;  «*tc.,  (See  p.  809  of  thia  report). 

I  p.  gp.  Ann.,  1.  c.  (Plat-  V.,  Fig.    4.)  (I  Ig.  «2,  p.  8i0  of  thia  report.) 

I  Am.  Jour.  ScL,  -enea  8,  Vol.  XXXII.,  1886,  p.  814.  Plate  VIIL,  Fig.  1.  f  Plate  19., 
fig.  1  of  thia  report.) 

\  Die  MineralBperiea  nach  den  f Qr  das  apeciflache  Qewicbt  dereelben  anfMiommeiieo  and 
gefundeuea  Werthen.    Breblan,  1868. 
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In  order  to  determine  whether,   notwithstanding  the 
hig)i  specific  gravity,  brookite  substance  and  not  rutile  was 
present.    Bauer  made   a  microscopic  investigation  of  a  thin 
section  of  one  of  these  pseudomorphs.     The  crystal  which  he 
examined  was  bounded  by  the  faces  already  mentioned  and, 
in  addition  to  these,  by  the  faces  x=iP'^  (^24).     The  crystal 
was  shown  by  a  contact  gonimeter  to  have  the  brookite  form 
and  its  specific  gravity  (4.231)  was  found  to  be  even  greater 
than  that  determined  by  vom  Bath.     A  thin  section  was  cut 
at  right  angles  to  the  prism  edge  31:31.     The  section   has   a 
reddish  yellow-brown  color  and  is  almost  without  dichroism. 
The  structure  is  not  uniform  over  the  whole  surface.  In  some 
parts  a  distinct  cleavage   is  observed  which  over  large  areas 
possesses  a  certain  direction,  but  this  orientation  is  not  the 
eame  in  all  the  areas.    Two  sets  of  cleavage-cracks  at  right 
angles  to  each  other  appear  over  large  surfaces  and  cover  the 
larger  part  of  the  section  ;  in  other  parts  of  the  section  two 
equally  distinct  systems  of  cleavage-cracks  appear  which  are 
not  perpendicular  to  each  other,  while  in  other,  smaller  and 
less  numerous  areas  only  one  system  of  sharp,  parallel  cracks 
occurs.     Lastly,  other  areas  of  small  size  occur  in  which  the 
parallel  cleavage  does  not  appear,  but  is  replaced  by  a  num- 
ber of  irregular  cracks.     These  difierent  areas  are  all  sharply 
separated  from  each  other. 

A  number  of  wide  clefts  appear  among  the  fine  cleavage- 
cracks  and  have  the  same  directions,  but  only  in  rare  cases 
do  they  reach  the  edge  of  the  section.  They,  like  the  fine 
cleavage-cracks,  are  certainly  not  the  result  of  the  cutting  of 
the  section,  but  were  present  in  the  crystal  previous  to  that 
operation,  otherwise  they  would  reach  to  the  edge.  The 
areas  without  the  cleavage-cracks  form  a  complete  skeleton 
which  only  at  one  point  comes  to  the  edge  of  the  section 
(this  probably  indicates  the  point  of  attachment  of  the  crys- 
tal) and  is  everywhere  else  surrounded  by  the  portions  con- 
taining cleavage-cracks  and  those  without  show  the  surface 
appearance  of  substances  with  a  high  index  of  refraction. 

In  parallel  polarized  light  the  parts  without  cleavage- 
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cracks  have  virtaally  a  UDiform  extinction  and  show  the  optic 
characteristics  of  an  anisotropic  body. 

The  portions  in  which  cleavage  cracks  appear  act  dif- 
ferently according  to  the  orientation  of  those  cracks.  Thus 
the  areas  with  the  single  system  of  cracks  and  those  with  the 
oblique  angled,  double  system  act  similarly  to  the  portions 
just  described,  while  the  areas  with  the  right  angled  systems, 
which  are  more  common  than  all  the  rest  together,  show  the 
optic  characteristics  of  an  isotropic  substance.  If  this  be  ex- 
amined in  convergent  polarized  light  a  black  cross  with  very 
close  rings  is  observed.  In  the  other  portions  of  the  section 
no  interference  figure  appears. 

There  is  little  doubt  but  that  the  brownish  red,  uniaxial 
substance  with  a  high  index  of  refraction,  strong,  negative 
double  refraction,  and  slight  dichroism,  which  has  two  systems 
of  cleavage-cracks  at  right  angles  to  each  other,  is  rutile,  while 
the  portions  of  the  crystal  without  cleavage- cracks,  and  which 
give  no  interference  figure,  consist  of  the  brookite  which  gives 
the  form  of  the  whole  crystal. 

The  way  in  which  these  two  minerals  are  arranged  io 
regard  to  each  other  shows  that  the  rutile  has  formed  from  the 
brookite  and  principally  by  a  change  of  substance  from  the 
outside  toward  the  interior.  The  only  point  where  the  brookite 
substance  appears  on  the  outside  is  at  the  point  of  attachment. 
The  alteration  appears  also  to  have  taken  place  in  a  small  degree 
from  the  inside. 

It  seems  probable,  as  far  as  it  is  possible  to  judge  without 
chemical  analyses,  that  the  alteration  has  proceeded  without  any 
chemical  change.  A  chemical  change  could  hardly  consist  in 
anything  else  than  a  separation  or  perhaps  an  absorption  of 
FejOj.  Blum*  assumed  that  in  such  a  change  FejO,  is  separated 
and  forms  brown  iron  ochre  in  the  holes  of  the  crystals  whose 
transversely  broken  surfaces  he  examined.  Such  iron  ochre 
does  not  appear  in  the  crystals  examined  by  Bauer  and  he  states 
that  if  the  almost  completely  similar  color  of  the   secondary 

*  PlMudomorpboten,  4,  Nachtrag,  1876,  p.  189. 
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ratile  and  ongioal  brookite  can  be  considered  as  an  indication  of 
an  approximately  equal  amount  of  iron  in  the  two  crystals,  there 
IS  nothing  whatever  to  suggest  a  change  in  the  chemical  consti- 
tntion  of  the  crystals  and  the  pseudon^orphs  must  be  considered 
as  paramorphs  of  rutile  after  brookite. 

The  fine  cleavage-cracks  and  wider  clefts  in  the  rutile 
portion  of  crystals  add  strength  to  this  conclusion,  for  the  rutile 
is  specifically  heavier  than  the  brookite  and  consequently  a 
given  quantity  of  TiOj  occupies  less  space  in  the  form  of  rutile 
than  in  the  form  of  brookite.  When,  therefore,  a  given  space  is 
occnpied  by  brookite  material  and  it  changes  to  rutile  crackit 
and  cavities  must  appear. 

The  rutile  crystals  formed  by  the  re-arrangement  of  the 
molecules  of  the  brookite  have  not  the  same  orientation  through- 
out the  whole  mass  although  they  are  often  found  to  be  similarly 
orientated  over  considerable  areas.  Thus  the  greater  number  of 
the  secondary  rutile  crystals  have  their  principal  axes  parallel  to 
the  vertical  axis  of  the  original  brookite.  Another  portion  of 
the  rutile  crystals  cut  the  prism  faces  of  the  brookite  at  an  angle 
and  produce  the  moiri  lustre  described  by  vom  Rath.  In  the 
same  manner  the  large  mass  of  rutile  crystals  parallel  to  the 
vertical  axis  produce  a  similar  lustre  upon  the  pyramidal  faces 
of  the  brookite.  The  secondary  rutile  crystals  are  hounded  on 
the  outside  by  regular  faces  which  make  very  small  angles  with 
the  brookite  faces.  A  slight  tnrning  of  the  crystal,  therefore, 
produces  first  a  reflection  from  the  faces  of  the  rutile  and  then 
from  those  of  the  brookite  and  gives  rise  to  the  moin'  histrv. 

Bauer  states  that  he  was  unable  to  find  any  definite  relation* 
between  the  position  of  the  inclined  rutile  needles  and  the  ele- 
ments of  the  brookite  crystals,  but  thinks  it  possible  that  such  a 
relation  might  be  established  by  examining  a  larger  quantity  of 
material  than  he  had  at  his  disposal. 

There  occur  at  Magnet  Cove,  according  to  Bauer,  two 
varieties  of  brookite ;  first  the  black  arkansites  in  comparatively 
small  crystals  bounded  by  the  faces  M—ooP  (110)  and  e  Pi 
(122).  These  are  all  fresh  and  unaltered.  Second  the  reddish 
brown  brookite  crystals  with  the  rutile-like  forms  which  are  ail 

21  GMlofiMi;  Vol.  li.,  1890. 
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more  or  less  completely  altered  into  riitile.  Bauer  remarks  that 
E.  S.  Dana  states  that  the  rutile-like  forms^  and  also  the  anatase- 
like  forms  (fig.  24,  plate  20)  are  commonly  altered  to  rutile,  and 
adds  that  all  those  of  the  latter  form  that  he  has  seen  are  entirely 
unaltered,  Bauer  states  that  the  reddish  brown  brookite  crystals 
are  much  more  commonly  altered  to  rutile  than  the  black 
arkansite  and  suggests  that  this  may  be  due  to  the  greater 
amount  of  iron  contained  in  the  first.* 

Through  what  agencies  the  alteration  of  brookite  to  rutile 
has  been  effected  Bauer  writes  that  he  is  not  in  a  position  to 
state  nor  even  conjecture  and  that,  although  according  to  Gh.  Rose's 
investigations  brookite  is  known  to  pass  into  rutile  by  being 
raised  to  a  red  heat,  such  &  process  could  not  possibly  have  taken 
place  in  this  case. 

As  is  seen  from  the  foregoing  papers  while  little  is  left  to  be 
described  as  regards  the  chemical  or  crystallographic  constitu- 
tion of  this  mineral,  but  very  little  is  known  about  its  occurrence 
and  geologic  relations.  The  writer  has  consequently  taken 
especial  pains  to  examine  the  matter  as  fully  as  possible  and 
with  the  following  results. 

As  has  been  stated  the  brookite  crystals  are  found  only  upon 
<]uartz  and  sandstones  of  the  region  included  within  the  Cove 
proper  or  the  belt  immediately  adjoining  it  near  Magnet  Post- 
>office,  or  lying  loose  in  the  soil  where  they  have  been  left  by  the 
disintegration  of  the  sandstone.  Inside  the  Cove  they  are  found 
around  the  whole  ring  beginning  near  D.  R.  Rutherford's  house 
No.  2,  at  which  point  the  paramorphs  of  rutile  after  brookite  are 
most  common  and  appearing  again  south  of  the  north  ridge. 
South  of  Thomas  Holt's  house  near  the  road  leading  south  along 
the  ridge,  brookite  is  found  in  beautiful,  red,  semi-transparent 
crystals  implanted  on  the  surface  of  a  semi-decomposed  sandstone 
which,  according  to  Mr.  L.  S.  Griswold  of  the  Survey,  overlies 
the  novaculite. 

A  very  perfect  red  crystal  about  7mm  long  from  this 
locality  was  sent  to  the  writer  by  W.J.  Kimzey  of  Magnet  Cove 

<*  Beyond  thi.s  i>oliit  Baucr'i  paper  becomes  a  discussion  of  peculiar  forms  of  twin  mtilo 
crystals  aud  the  substance  of  it  iH  given  under  the  head  of  rutile.  (See  pa;ge  825.)  The  ptper 
closes  with  the  next  sentence  of  the  text. 
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and  opon  close  examination  it  was  found  that  the  surface  of  the 
sandstone  upon  which  the  crystal  occurs  is  coated  with  a 
complete  network  of  minute  tabular  feldspar  crystals  which 
never  exceed  0.2mm  in  their  greatest  dimensions.  These  were 
tested  chemically  as  completely  as  the  small  quantity  of  material 
at  hand  would  permit  and  the  results  indicate  that  some 
member  of  the  plagioclase  series  is  present  since  both  sodium 
and  lime^  but  not  potassium  were  detected.  Again  on  the  south 
and  east  sides  of  the  Cove  brookites  occur  scattered  among  the 
decomposition  products  of  the  syenite.  It  is  evident^  however, 
from  the  preceding  considerations  that  these  have  been  left  by 
the  decomposition  of  the  sandstone  on  which  they  were  formed 
and  do  not  belong  to  the  syenitic  rocks. 

Those  brookites  which  occur  implanted  on  the  quartz  crys- 
tals and  are  found  south  of  Magnet  Post-office  are  the  least 
perfectly  formed  crystals  of  all  those  found  about  the  Cove  and 
it  was  to  them  that  Shepard  referred  when  he  spoke  of  the  d  face 
(orthopinacoid  (100)  made  up  of  prisms  (110))  as  being  ^^brilliant, 
through  drusy,  and  channelled  vertically  '\  In  many  cases  these 
drusy  faces  have  been  developed  to  such  an  extent  that  the 
crystals  consist  only  of  thin  plates  parallel  to  the  orthopinacoid 
(100)  terminated  by  extremely  narrow  pyramid  faces.  Some 
peculiar  conditions  of  growth  seem  to  have  confined  this  form  to 
the  quartz  crystals  and  to  have  made  them  either  extremely  rare 
or  altogether  wanting  elsewhere. 

The  question  regarding  the  formation  of  these  crystals  is  by 
no  means  an  easy  one.  That  they  are  directly  referable  to  the 
metamorphic  action  of  the  syenite  is  beyond  a  doubt  since 
nowhere  else  io  this  extensive  series  of  sedimentary  rocks  have 
any  such  crystals  been  found. 

The  novaculites  and  overlying  sandstones  as  far  as  they  have 
been  investigated  are  either  perfectly  free  from  titanic  acid  or 
else  contain  it  only  in  small  quantities.  The  syenite  must  there- 
fore be  regarded  as  the  source  of  the  titanium  from  which  the 
brookites  were  formed.  The  most  plausible  theory  to  account 
for  the  transformation  of  this  element  from  its  original  condition 
as  titanite,  ilmenite  or  leucoxene  in  the  syenite  to  that  of  brook- 
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ite  and,  as  will  be  seen  presently,  to  riitile  and  menaccanite  as- 
well,  is  that  it  was  dissolved  by  the  hot  water  and  steam  under 
pressure  while  the  latter  were  in  contact  with   the  syenite  and 
was  recrystallized,  not  in  its  old  form  but  as  pure  titanic  acicl^ 
when  it  reached  the  sandstone  and  quartz  crystals.    The  titanium 
oxides  may  perhaps  be  considered  as  having  been  directly  vola- 
tilized at  the  time  of  the  intrusion  of  the  syenite  and  to  have 
condensed  as  the  dioxide  directly  or  else  they  may  have  been 
volatilized  as  the  chloride  of  titantium  and  have  been  broken  u|> 
on  contact  with  the  air  and  have  formed  the  dioxide  where  it  is 
now  found. 

Butile  occurs  in  several  places  about  the  Cove  and,  although 
not  nearly  so  widely  distributed  as  the  brookite,  very  often  ac- 
companies it.  Thus  at  the  southwestern  corner  of  the  Cove,  on 
what  has  already  been  mentioned  as  Perofskit«  Hill,  the  crys- 
of  rutile  are  still  quite  common  and  were  formerly  exceedingly 
plentiful.  At  the  southeast  corner  of  the  Cove  at  the  brookite 
locality  southeast  of  the  house  marked  R.  C.  Preston,  No.  1  the 
rutiles  arc  not  at  all  uncommon. 

The  crystals  very  seldom  appear  as  single  individuals,  but 
are  almost  always  found  as  twins  according  to  some  one  of  the 
various  twinning  law8. 

The  first  mentioned  made  of  rutile  twins  and,  as  far  as  is^ 
known  to  the  writer,  of  the  occurrence  of  this  mineral  itself  at 
Magnet  Cove  was  made  by  Fr.  Hessenberg  *  in  1864.  Hessen- 
berg  described  multiple  twins  in  which  both  the  laws,  composi- 
tion face  Pcx  (101)  and  composition  face  3Pcc  (301)  were  com- 
bined in  the  same  crystal. 

Some  of  the  most  interesting  forms  of  rutile  which  occur  in 
Magnet  Cove  are  the  world  renowned  sixliugs  and  eightlings. 
The  latter  were  first  described  and  figured  by  G.  vom  Rath.f 

One  of  the  most  common  twinning  laws  observed  in  the 

*  Mineral  Notizeo,  No.  5.  AbhaQdluogen  tod  d.  Senkenberg  naturf.  Getell.  xu  Fraok^ 
flirt,  Baud  lY.,  P*  205. 

This  article  was  not  accessible  to  the  writer  and  the  note  of  it  ia  taken  from  Dana's 
mention  of  bis  work  (Descriptire  Mineralogy,  bj  J.  D.  Dana,  Fifth  Edition,  lises,  p.  1€0: 
and  Bauer's  reference  to  it  in  bis  recent  paper  (N.  Jahrb.  f.  Mineral.,  Jahigang  1891,  Band  I.^ 
p.  280.) 

t  Zeitscbrift  fUr  KrysUllograpble,  Band  L,  1877,  p.  15. 
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crystals  from  Magnet  Cove  is  that  in  which  the  pyramids  of  the 
second  order  are  the  twinning  planes.  When  a  number  of  sach 
crystals  grow  together  to  form  a  cyclic  twin  as  is  well  shown  by  G. 
H.  Williams  in  his  Elements  of  Crystallography  *  the  growth 
may  be  effected  it  two  ways: — first  by  the  use  of  opposite  faces  of 
the  pyramid,  (Oil)  and  (OTl),  as  the  twinning  planes,  thus  form- 
ing a  cyclic  twin  in  which  the  vertical  axes  of  the  individual 
crystals  all  lie  in  the  same  plane  forming  such  a  sizling  as  that 


Fig.  38.    Sixling  qf  ruliU  from  Miignei  Cove,    Seale==4:l. 

represented  (Fig.  33) ;  second  by  the  use  of  contiguous  faces  of 
the  same  pyramid  (Oil)  (101)  alternately  as  the  twinning 
planes,  thus  forming  a  cyclic  twin  in  which  the  vertical  axes 
form  a  zigzag,  and  in  which  eight  individuals  are  necessary  to 
complete  the  cycle  (Fig.  34).     Specimens  of  both  of  these  varie- 


Flg.  34.    Eightling  of  rutile/rom  Magnet  Cove.    Scale— 8:1. 

ties  are  not  uncommon  at  Magnet  Cove  and  in  some  cases  the 
degree  of  perfection  with  which  the  cycle  has  been  completed  is 
very  remarkable.  Specim^^ns  of  the  second  variety  have  been 
found  in  which  both  the  exterior  and  interior  faces  were  present 
and  the  small  hole  through  the  center  was  as  sharply  bounded  as 
if  the  crystal  had  been  artificially  cut. 

«  Elements  o'  Crjstallo^jraphy  by  G.  H.  WilllaniB,  New  York,(Henr7  HoU)  1890, p.  198. 
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In  a  part  of  Bauer's  paper  on  paramorphs  of  rutile  after 
brookite*  he  discusses  a  new  twinning  law  of  rutile. 

He  states  that  although  from  the  discussions  of  paramorphs  it 
is  evident  that  there  are  many  examples  of  true  paramorphs  of 
rutile  after  brookite  as  described  by  von  Rath,  there  were  also 
some  varieties  described  by  him  as  being  such,  which  wero^^ 
however^  never  brookite  crystals,  but  were  always  rutile. 

Certain  twin  forms  of  rutile  imitate  so  closely  the  ordinary 
form  of  arkansite,  which  is  made  up  of  the  striated  faces^ 
JJf^cx.P(110)  and  the  smooth  faces  €=^R2  (122),  that  they  might 
easily  be  mistaken  for  the  latter. 

The  arkansite  form  shown  in  6g,  2,  pl«  21,  (in  which  it  is 
so  drawn  that  the  macrodiagonal  b  stands  at  right  angles  to  the 
plane  of  the  paper)  has  a  dihexahedral  appearance  similar  to  that 
which  a  rutile  sizling  (composition  plane  ocP  (110)  )  may  have 
when  the  crystal  is  bounded  only  by  the  deeply  striated  prisms 
^r— ocP(llO).  Such  a  composite  crystal  where  the  principal 
axes  of  the  six  individuals  all  lie  in  the  plane  of  the  paper  is 
shown  in  fig.  1,  pi.  21.  The  angles  marked  on  the  figures  and 
the  variation  in  the  direction  of  the  striation  of  the  faces  give 
the  points  of  difierence  between  the  two  minerals.  Crystal 
measurements  in  some  cases  showed  that  rutile  and  not  brookite 
was  present.  The  rutile  crystals  sometimes  occur  with  all  six 
individuals  present  or  with  only  some  of  them,  as  for  example^ 
II,  III  and  IV  (Fig.  1,  pi.  21,)  so  that  the  crystal  has  three  broad 
faces  where  the  three  other  individuals  should  be.  As  is  com- 
mon in  such  rutile  combinations  some  of  the  rutile  individuals 
extend  over  the  other  neighboring  ones;  thus  on  the  face  of  the 
apparent  dihexahedron  (Fig.  1,  pi.  21,)  narrow,  elongated  crys- 
tals which  are  parallel  to  the  polar  edges  of  the  dihexahedron 
are  formed.  Each  face  g  has  or  may  have  two  such  systems  of 
parasites  which  often  intersects  each  other  as  on  individuals  ii 
and  IV,  or  do  not  touch  each  other  as  on  ill.  Each  of  these 
small  crystals  is  bounded  on  the  top  by  a  flat  face  which  is  paral- 
lel to  the  face  g  of  the  main  crystal  complex,  whose  intersectiou 
with  the  face  g  on  which  the  small  crystal  is  situated  is  parallel 

^  See  pages  317ff.  of  this  report. 
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to  the  longer  axis  of  that  crystal.  Thus  the  small  crystal  mark- 
ed III  on  g^  is  boanded  above  by  a  face  parallel  to  ^3  etc.  These 
faces  of  the  small  crystals  are  striated  in  precisely  the  same  way 
as  the  faces  of  the  crystal  complex  to  which  they  are  respectively 
parallel  and  it  is  therefore  evident  that  they  are  only  continua- 
tions of  an  intermediate  individual  over  the  faces  of  the  adjoin- 
ing individuals.  The  small  crystals  are  not  always  as  regular 
as  those  shown  in  the  the  figure  for  they  are  not  always  parallel 
to  the  edges  and  often  by  crowding  together  they  form  rough 
areas  on  the  apparently  dihexahedral  faces.  The  multiple  twins 
are  not  uncommonly  made  up  of  crystals  which  themselves  con- 
sist of  parallel,  prismatic  or  acicular  crystals  which  are  above  and 
below  terminated  by  pyramidal  faces.  G,  vom  Rath  pictures 
this  *  and  it  is  only  necessary  to  substitute  the  letter  g  referring 
to  the  rutile  face  in  place  of  his  M  and  e  which  refer  to  brookite 
to  make  his  drawing  applicable  to  this  case. 

The  rutile  of  Magnet  Cove  often  assumes  by  another 
peculiar  form  of  twinning  a  rhombic  habit,  which  might  he 
mistaken  for  arkansite.  This  is  the  more  easily  possible  since 
these  crystals  are  black  like  the  arkansite  and  not  red  like  the 
common  rutile. 

While  in  the  rutile  twins  already  described  the  twinning  plane 
F^  (101)  is  also  the  composition  plane  in  this  case  the  com- 
position plane  is  |)erpendicular  to  the  twinning  plane.  This  is 
shown  diagrammitically  in  figures  3-5,  plate  21.  Two  faces  of  the 
principal  pyramid,  s-  P  (111),  viz  :  h'  and^',  which  are  inclined 
forward  give  reflections  at  the  same  moment  and  therefore  lie  in- 
the  same  plane  and  the  pair  of  rear  faces  h  are  also  situated  in  a 
similar  manner.  The  latter  cut  the  former  in  a  single,  straight 
line  which  is  represented  as  horizontal  in  the  figure,  and  form 
an  angle  «:  9  123^8'  which  is  that  of  rutile.  The  cleavage 
and  specific  gravity  also  correspond  with  those  of  rutile.  Since 
the  edges  made  by  the  two  pairs  of  pyramidal  faces  lie  in  the 
same  straight  line  the  pyramids  of  the  second  order  which  sym- 
metrically truncate  these  edges  fall  into  one  plane  and  form  the 

«  Verhandl.  des  naturhistor.  Vorcint«fflr  RheinlanduDd  Westphalen,  Band  XXXIV.^ 
on  plate  1.,  fig.  12  and  Pogg.  Aiinalea,  Baod  CLVIII.,  ii.l87,  oo  plate  V.,  fig.  13.  Sco  al8«>  tig» 
81 ,  on  page  809  of  thin  report. 
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twioDiDg  plane.*  The  directions  of  the  striated  prism  faces  ^ 
and  g*  indicates  that  the  composition  plane  is  at  right  angles  to 
the  twinning  plane.  In  fig.  3,  pi.  21,  the  faces  %  of  both  the 
individuals  are  completely  formed  while  in  figs.  4  and  5,  pi.  21, 
the  two  individuals  are  somewhat  pressed  together  so  that  the 
middle  faces  «  do  not  retain  their  full  size;  in  fig.  5,  pi.  21, 
moreover,  the  middle  faces  ^  and  ^  which  formed  re-entrant 
angles  in  figs.  3  and  4,  pi.  21,  do  not  appear.  Fig.  5,  pi.  21, 
presents  a  great  similarity  to  the  heart-shaped  twins  from  the 
Ural  Mountains,  Brazil,  etc.,  but  if  the  composition  and  twin- 
ning plane  were  3P^  (^00  ^s  in  that  case  the  faces  f!  and  .s' 
would  make  a  re-entrant  angle  of  170^  28'  with  each  other  and 
the  straight  edge  along  the  top  of  the  twin  would  be  broken  by 
a  re-entrant  angle  of  169°  9'.  It  is  not  fully  established, 
according  to  Bauer,  that  the  law,  twinning  and  composition 
face  3  Pec  (301)  is  correct  for  the  heart-shaped  crystals 
and  the  fact  that  Hessenberg  describes  a  crystal  from  Magnet 
Cove  in  which  he  detected  both  the  twinning  laws  3P3c  (301) 
and  P'x  (101)  leads  him  to  believe  that  the  former  was  confused 
with  the  lawjust  enunciated  by  him. 

These  crystals  arc  generally  so  arranged  that  they  are 
attached  near  the  point  where  the  prism  faces  g  form  their  upper 
angle  and  hence  the  crystals  are  bounded  almost  solely  by  the 
pyramid  faces  ^,  This  is  indicated  in  fig.  5  pi.  21,  by  the 
irregular  line  m  m\  that  portion  above  this  line  forms  the  crystal 
while  that  which  is  represented  below  the  line  does  not  exist  in 
most  of  the  natural  crystals.  Figures  6,  7  and  9,  pi.  21,  illus- 
trates the  same  thing.  The  upper  end  of  fig.  5,  pL  21,  apparently 
represents  an  orthorhombic  crystal  which  would  be  more  likely 
to  be  referred  to  arkansite  than  rutile  and  it  is  onlv  after  a 
careful  examination  that  its  true  character  appears. 

■^  It  api>cars  to  the  writer  that  the  composition  plane  might  be  considered  the  twiDDin.{ 
plane  as  well  us  the  plane  P<»  (101)  for  a  resolution  of  180**  about  an  axis  perpendicular  to  it 
would  cause  the  two  portioDs  ot  the  twin  to  form  parts  of  the  same  crfittal.  The  plane  has  the 
crystallographio  position  of  a  •«teep  pyramid  of  the  second  order  and  makes  an  angle  of  33^  4S' 
with  the  verticil  axis.  The  pyramid  V  P^  (12.0.5)  makes  an  angle  of  32  53Xi'  with  the  Ter> 
tical  axis  which  approaches  that  made  by  this  composition  plane,  but  is  not  exactly  identical 
with  it.  Since  this  plane  is  determined  directly  from  the  pyramid  Poo  it  would  be  expected 
That  it  would  have  a  simpler  form. 
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These  crystals,  moreover,  form  polysyothetio  twins,  as  is 
"shown  diagammatieally  in  fig.  6,  pi.  21 ,  and  in  such  cases  also  the 
apparently  orthorhombic  form  is  always  present. 

The  single  individuals,  however,  do  not  often  in  nature  form 
regular  straight  rows,  but  are  more  often  arranged  as  in  fig.  9, 
pi.  21,  alternately  before  and  behind  each  other.  Apparently 
t;omplicated  twinned  masses  are  thus  formed  and  in  them  the 
pyramid  faces  8  give  simultaneous  reflectious,  while  the  striated 
prism  faces,  although  quite  small,  intersect  each  other  as  shown 
in  the  figure. 

Forms  like  those  shown  in  fig,  7,  pi.  21,  appear  to  occur, 
but  have  not  been  determined  with  sufficient  accuracy.  The 
four  individuals  twin  according  to  the  law  just  described,  but  in 
this  case  they  have  changed  places  so  that  the  individual  which 
in  figs.  3  and  5,  pi.  21,  was  on  the  right-hand  side  is  here  on  the 
left.  In  this  case  the  prisms  below,  instead  of  converging, 
diverge  from  each  other.  The  faces  8^  and  ^  reflect  simulta- 
neously. 

Further  complications  arise  when  twins  parallel  to  Poc  (101) 
are  combined  with  those  just  described  and  when  cyclic  twins, 
such  as  are  common  for  rutile,  combine  with  thoi^e  formed  by 
this  law  such  complicated  figures  result  that  it  is  extremely 
difficult  to  place  all  the  individuals  in  their  proper  relative 
positions. 

According  to  this  same  law  trillings  arc  occasionally  formed, 
as  is  shown  in  fig.  8,  pi.  21,  and  the  conditions  are  then  such 
that  a  central  individual  has  a  crystal  attached  to  it  on  both  sides 
in  such  a  way  that  the  faces  Si,  and  M^y  of  the  two  individuals  i 
«nd  II  reflect  at  one  time  and  in  the  same  way  faces  a.,  and  ^2  of 
I  and  III  reflect  at  the  same  instant  and  the  prism  faces  lie  as 
^hown  in  the  figure.  It  appears,  also,  as  if  occasionally  the 
other  polar  edges  of  the  individual  I  were  occupied  by  twin 
crystals  so  that  a  fiveling,  like  that  which  occasionally  occurs 
-on  cassiterite,  is  formed. 

In  nature  these  trillings  are  fully  as  complicated  in  their 
structure  as  the  twins  pictured  in  figure  6,  pi.  21,  so  that  the 
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prism   faces  are   seldom   present   and   the   individuals  incline 
forward  and  backward  as  in  fig.  9^  pi.  21. 

The  rutile  crystals  which  are  found  implanted  on  the  surface 
of  the  hematite  crystals  described  below  are  always  single  indi- 
viduals and  are  seldom  more  than  2mm  in  length.  They  are  of 
a  dark^  blood-red  color,  very  brilliant,  are  bounded  by  the  planes 
-xP  (110),  and  cxPoc  (100),  and  P  (111),  and  lie  on  the  base 
(Odl)  of  the  hematite  crystal  in  such  a  way  that  their  principal 
axes  are  parallel  to  the  edges  made  between  the  base  (0001)  and  the 
negative  rhombohedrous  (1101). 

Hematite  occura  sparingly  on  the  hillside  at  the  western  side 
of  the  Cove  not  far  from  Perofskite  Hill.  The  crystals  are 
usually  found  in  the  stream  between  this  hill  and  the  western 
hill  and  occur  as  far  up  the  hill  towards  the  west  as  the  Paleozoic 
rock  extends. 

Two  varieties  have  been  found  viz. :  the  large  flat  plates,  20 
to  25mm  in  diameter,  which  are  bounded  by  the  base  (0001), 
and  a  positive  rhombohedron  (101 1).  Other  faces  have  been 
detected  on  some  of  the  crystals,  but  they  are  too  imperfect  to  be 
accurately  determined.  It  is  on  such  crystals  as  these  that  the 
rutile  crystals  occur. 

The  second  variety  of  crystals  consist  of  what  are  knows  as 
'^  iron  roses  ''  (eisenrosen).  These  are  seldom  more  than  5  to  8mm 
in  diameter  and  are  made  up  of  numerous,  very  thin  plates  ar- 
ranged in  rosettes  so  as  to  resemble  a  full  blown  rose.  These 
crystals  are  very  similar  to  those  found  on  St.  Gothard 
Mountain  in  Switzerland. 

Both  of  these  varieties  of  hematite  are  imbedded  on  the 
sandstone  or  are  loose  on  the  surface  and  in  direct  association  with 
it.  They  are  probably  related  to  menaccanite  (ilmenite)  in  their 
chemical  composition. 

B.    Contact  Minerals  from  ibe  C&lciie. 

The  minerals  which  make  up  this  group  are  found  at  the 
various  points  in  Cove  Creek  where  the  calcite  already  described 
(pages  183  and  184)  occurs  and  also  on  Perofskite  Hill  just  south- 
west of  where  the  Hot  Springs  and  Malvern   highway  crosses 
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Cove  Creek.  Although  oo  oalcite  can  now  be  foand  in  place  on 
this  slight  rise  it  is  more  than  probable  that  it  was  once  present 
in  quite  large  quantities  and  that  on  decaying  it  left  behind  the 
numerous  lime  silicates,  titauates,  etc,^  so  characteristic  of  such 
formations  elsewhere. 

Perofskite  {Dyaanalyte)  is  perhaps  the  best  known  of  all  the^ 
Magnet  Cove  minerals  which  fall  under  the  head  of  lime  contact 
minerals  and  hence  it  will  be  considered  first.  According  to* 
James  D.  Dana*  perofskite  was  first  mentioned  from  Magnet 
Cove  by  C.  U.  8hepard|  who  described  it  as  occurring  "in  black 
cubo-octahedrons.'' 

The  specimens  of  this  mineral  which  commonly  occur  differ 
very  much  in  the  development  of  the  faces  which  bound  them.. 
By  far  the  most  common  form  is  that  of  an  octahedron  (111)« 
whose  corners   are  truncated  by  larger   or  smaller  cube   faces- 
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Fig.  35. 


Fig.  37. 


Fig.  36. 
PerofskUefrom  Magnet  C^re. 

(100)  (Fig.  35.)  In  some  cases  these  octahedral  planes  just 
touch  at  the  corners  leaving  the  cube  faces  as  squares  with  their 
corners  at  the  centers  of  their  original  edges  (Fig.  36.)  Then 
again  cubes  with  only  very  slight  octahedral  truncations  of  the 
corners  are  not  uncommon.  These  cubes  are  usually  elongated 
in  the  direction  of  one  of  the  principal  axes  making  right  rect- 
angular parallelopipedons  which  are  often  twice  as  long  as  they 
are  broad  (Fig.  37.) 

The  crystals  from  this  locality  were  used  by  Alfredo  Bei> 
Saude  in  the  investigations  upon  the  optic  properties  of  this, 
mineral  which  were  described  in  his  paper  entitled  ''Ueber  de» 

Ben  Saude  examined  orientated  sections  of  perof- 


Perowskit."t 


*A  System  of  Mineralogj,  5th  Edition,  1868,  p.  146.  (Mo  reference  is  given  and  nc 
notice  of  this  mineral  could  be  fotind  by  the  writer  among  any  of  Shepard'a  notst  on  the  mlner- 
ali  of  this  region). 

t  "Ucber  den  Perow;«kit  von  AIfre<lo  Ben  Saude."  (Gelcrdnte  Prciiwchrift)  GSttingen. . 
1«}2. 
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skite  from  various  localities  and  among  them  those  from  Arkan- 
sas play  an  important  part. 

He  examined  a  section  of  an  octahedral  crystal  which  was  cut 
parallel  to  the  cube  face  (100).  This  section  was  of  a  brown 
color  and  showed  considerable  pleochroism.  Between  crossed 
nicols  it  was  seen  to  be  made  up  as  shown  in  figs.  1  and  2,  pi. 
22.  Two  more  or  less  distinct  systems  of  lamellae  lie  parallel  to 
the  diagonals  of  the  section  and  are  extinguished  parallel  to  its 
boundaries.  Outside  of  these  systems  of  lamellse  the  section 
appears  nearly  or  quite  optically  inactive. 

In  convergent  polarized  light  two  hyperbolas  are  generally 
seen  lying  in  the  optically  active  lamellfe  and  these  form  a  cross 
when  the  sides  of  the  section  of  the  octahedron  are  parallel  to  the 
planes  of  the  nicols.  The  inactive  parts  of  the  section  show  a 
single  optic  axis  and  it  is  found  that  the  position  of  the  black 
bar  passing  through  this  is  dependent  upon  its  position  in  the 
section.  Thus  in  two  different  parts  of  the  section  the  bars 
stand  at  right  angles  to  each  other  (Fig.  2,  pi.  22.)  In  fig.  1, 
pi.  22  no  such  inactive  z)ne  occurs  and  therefore  no  single  axi.s 
appears,  but  only  pairs  of  hyi>erbolas  about  a  bisectrix  are  seen. 

Sections  from  octahedral  crystals  cut  parallel  to  an  octahe- 
dron (111)  present  such  an  appearance  as  is  shown  by  figs.  3  and 
4,  pi.  22.  Fig  3,  pi.  22,  represents  the  section  as  seen  in  non- 
polarized light  and  shows  a  decided  zonal  structure.  Fig.  4,  pi. 
22,  represents  the  same  section  in  polarized  light.  When  a 
selenite  plate  is  used  the  shaded  portion  of  the  section  appears 
green,  the  dotted  portion  yellow  and  the  white  portion  red.  In 
convergent  light  the  bars  passing  through  the  optic  axes  are 
eccentrically  arranged  and  the  positions  of  the  planes  of  the 
optic  axes  are  found  to  be  at  right  angles  to  the  sides  of  the  sec- 
tion.    Lamell»  are  also  occasionally  observed. 

Last  of  all  Ben  Saude  describes  a  section  cut  from  an  octa- 
hedral crystal  parallel  to  a  face  of  the  dodecahedron  (110). 
Such  a  section  is  shown  in  fig.  5,  pi,  22.  The  plate  is  indis- 
tinctly divided  into  quadrants  in  which  areas  of  different  orienta- 
tion occur.  It  is  comparatively  free  from  systems  of  lamellse. 
The  interior  portion  of  the  section  usually  consists  of  an  area 
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Tvhich  extinguishes  parallel  to  the  diagonal  of  the  rhomb^  while 
the  portions  about  the  edge  extinguish  at  angles  of  45^  on  both 
^^ides  of  the  shorter  diagonal.  By  the  use  of  a  selenite  plate  the 
section  is  seen  to  be  bluish  green  where  the  shaded  portion  ia 
shown,  yellow  where  the  area  is  dotted^  and  red  where  the  'sec- 
tion is  left  white.  In  the  portion  which  extinguishes  parallel 
to  the  diagonals  of  the  rhomb  two  axes  about  a  vertical  bisectrix 
are  observed,  but  in  the  portions  which  extinguish  at  an  angle  of 
45^  only  one  axis  appears. 

Ben  Saude  did  not  succeed  in  getting  good  etched  figures 
from  the  Arkansas  crystals  and  although  he  devotes  a  large  por- 
tion of  his  paper  to  the  appearance  of  the  etched  figures  on  crys- 
tals from  other  localities  he  makes  no  mention  of  those  from 
Arkansas. 

No  analyses  appear  to  have  been  made  of  this  material  until 
very  recently,  when  F.  W.  Mar  published  a  paper  entitled  "On 
the  so  called  Perofskite  from  Magnet  Cove,  Arkansas,^'*  in 
which  he  shows  its  relation  to  the  mineral  dysanalyte  determined 
by  Knop  f  sis  constituting  the  supposed  perofskite  of  the  Kaiser- 
stiihl  in  Germany.  Mar  gives  his  method  of  analysis  and  then 
his  results  in  per  cents  and  calculates  the  quantivalence  ratio  of 
the  oxides. 

It  appears  from  the  following  analyses  that  the  mineral  from 
Magnet  Cove  holds  an  intermediate  place  between  dysanalyte 
and  theoretical  perofskite.  It  is  probable  that  none  of  the  older 
analyses  of  perofskite  given  in  Rammelsberg's  Mineralchemie 
are  correct  and  that  a  revision  of  them  would  show  that  larger 
or  smaller  amounts  of  niobium,  tantalum  and  other  metals  of  the 
cerium  group  are  present  in  almost  all  of  them.  The  question 
as  to  whither  the  Magnet  Cove  mineral  should  be  grouped  under 
the  dysanalyte  of  Knop  or  with  perofskite  proper  can,  therefore, 
only  be  determined  by  a  re-examination  of  the  older  perofskite 
analyses  and  by  an  exact  determination  of  the  rare  earths  that 
this  mineral  contains.  In  this  report,  therefore,  the  name 
perofskite  will  be  retained  for  the  Magnet  Cove  mineral. 

<*  Am.  Jour.  Sci.,  Series  3,  Vol.  XL,  1890,  p.  408. 
t  Zeiuchr.  fUr  Kryit.  Baod  I.,  1877,  p.  2S4.. 
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For  the  purpose  of  comparison  the  analysis  of  Mar  is  placed 
^jeside  other  analyses  and  the  theoretical  composition. 

Analyses  ofperofskitt  and  dysanalyte. 


CONSTITUENTS. 


I. 


Dysanaljte. 
KalserstQhl.Ger. 


no, 

siO, 

NI.2O5 

Ta.O. 

Co.O, 

;I*a,  DI)aO, 

Yt,  Er^aOa- 

Ke.O, 

reO 

MnO 

<:aO 


I 


41.4; 


28.23 


6  72 


II. 


III. 


IV. 


I  — 


Magnet  Core,    ;      Perofskit« 


Ark. 


O.Hi 

0.43 

1I».77 


42.12 

0.08 
4.38 
S.OS 

0.10 

3.42 
G.16 
0.23 


Zermatt,   Switz. 


59.12 


Tb«or«tial 


CaTlO, 


58.0 


MirO. 


33.22 
0.74 


Na.O. 


3.5: 


Total... 
Sp.  Or. 


100.00 
4.i:t 


<)9.58 
4.t8 


•  •••«•■  •••*•«  •••»< 


•«••*••• •••••• 


6.11 
35.81 


•  ••••«•••■  •■•»■•••••«■••• 


41.1: 


•«•»••••>»«• 


101.04 
4.088. 


100.00 


I.  Dysanalyte.    Voigtsburg  Kaiserstiibl,  Germany.    Analy.  by 
Knop.    N.  Jahrb.  fur  Mln.,  Jabrg.,  1877,  p.  647. 

II.  Perofskite  or  Dysanalyte,  Magnet  Cove,  Ark.    Analy.  by  F. 
W.  Mar,  Am.  Jour.  Sci ,  Ser.  3,  Vol.  XL,  1890,  p.  403.  (loc.  cit) 

III.  Perofskite.    Findelengletscber  near  Zermatt.    Switzerland. 
Analy.  by  Damour.  Ann.  Min.  (4)  6,  p.  512. 

IV.  Tbeoretical  composition  ofCa  TiOa. 

Hydrotitanite  is  a  name  given  by  Konig*  to  the  altered  va- 
rieties of  perofskite  from  Magnet  Cove.  The  perofskite  is  often 
coated  with  a  yellowish  brown  or  gray  incrustation  which  has 
been  shown  by  Konig  to  be  perofskite  from  which  much  of  the 
lime  has  been  extracted  and  water  added  by  meterologic  ac- 
tion. In  some  cases  this  is  only  superficial  while  in  others  it 
f'xtends  almost  or  entirely  through  the  crystal. 


^  Proc.  Academy  Nat.  Sci.  of  Phila   1876,  p.  82. 
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The  analysis  given  by  Konig  is  as  follows  : — 
Analysis  of  hydrotiianite  {Konig), 

TiO 82.82 

FeA • '^•76 

CaO 0.80 

MgO 2.72 

H.,0 5.o0 

Total. 99.60 

Specific  gravity 3.581 

The  perofskite  and  hydrotiianite  both  occur  on  Perofskite 
Hill  as  well  as  occasionally  in  the  calcite  found  in  the  creek.  It 
is  evident,  therefore,  that  they  are  to  be  considered  as  meta- 
morphic  minerals.  It  is  also  very  commonly  found  attached  to 
octahedrons  of  magnetite  and  with  these  is  often  imbedded  a  mass 
of  fine  apatite  crystals. 

Magnetite  occurs  not  only  in  the  calcite  and,  as  just  de- 
scribed, with  apatite,  but  also  in  large  quantities  with  the 
calcareons  tufa  which  overlies  the  calcite.  It  consists  of  octa- 
hedral crystals  which  are  often  as  much  as  20mm  in  diameter. 
The  only  faces  which  have  been  observed  are  the  octahedron 
(111),  the  rhombic  dodecahedron  (110)  and  the  ikositetrahedron 
3PS  (811).  In  their  intergrowths  with  perofskite  no  definite 
relations  between  the  positions  of  the  axes  of  the  two  minerals  is 
observable. 

Apatite  occurs  in  large  ma-s^^s  of  radiate  and  parallel  needle.<5 
imbedded  in  the  coarsely  crystalline  calcite.  The  crystals 
seldom  exceed  1mm  in  diameter  and  are  usually  much  smaller. 
They  are  frequently  of  a  very  light  green  color  and  it  is  not 
uncommon  to  find  both  light  yellowish  brown  and  pure  white 
masses  of  such  crystals  in  close  proximity. 

These  apatite  masses  resemble  very  strongly  those  already 
described  (page  220)  but  these  are  of  metamorphic  origin,  while 
those  were  formed  in  the  igneous  rock  itself. 

Biotite  or  phlogopite  occurs  in  the  metamorphosed  calcite 
and  forms  sharp,  six-sided  prisms  and  plates  of  a  dark,  pistachio- 
green  color.     Thin  cleavage  plates  of  this  mica  are  transparent 
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and  green  and  when  examined  under  the  microscope  iu  cod<» 
vergeut  polarized  light  they  are  seen  to  be  almost  uniaxial.  The 
optic  axis  angle  in  no  case  exceeds  3^.  The  plane  of  the  optio 
axes  is  the  symmetry  plane  of  the  crystal  and  the  mica  is  there- 
fore  classed  with  those  of  the  second  order.  From  the  color  and 
small  optic  axis  angle  the  mica  would  be  considered  to  be  a 
biotite,  while  its  occurrence  in  the  metamorphosed  calcite  would 
suggest  that  it  isaphlogopite. 

Veauvianite  occurs  as  crystals  which  occasionally  reach  a 
very  large  size.  One  specimen  in  the  possession  of  the  writer 
measures  80mm  in  length,  but  it  is  by  no  means  a  perfect  crystal. 
Some  of  the  smaller  crystals  are  very  sharp  and  well  formed  and 
even  the  medium  sized  ones  often  show  faces  some  parts  of  which 
give  sharp  reflections.  The  crystals  are  usually  doubly  ter- 
minated and  the  pyramidal  faces  are  often  connected  by  remark- 
ably small  prisms,  which  in  some  cases  are  entirely  wanting. 
(See  iig.  38.) 

^-.  -.^T^  The  faces  are  as'  follows: — 

i3---P(lll);  c=OP  (001); 


<:.....J-^^-y,^-----r';^^^^.,,^^^        o^Pcx    (101);   m=-xP   (110) 
,     .^.....^il--  -^    (small);  IP  (117);    •,P(7.7.10). 

The   following  angles  are  the 
mean  of  several    readings  be- 

Figure  36.      I'efuiianUf,  Magnei  Cove,  tWeCU     the      different      pairS    of 

faces  indicated   and  that  measurement  which  varies  the  most  is 
added. 

FaiVH.  Calculated.  Rpadiog.  (rreatest  No.««f 

variation.        readio.ss, 

p  :  p   (111)  :  (ill)  50°  40'  50°  22'  13"  50°  41'    7 

p:o   (HI)  :  (101)  25  20  25  10     25  34    5 

c  :  0  (001)  :  (101)  28  15i  28  12     27  30    5 

c:iP(001)  :  (117)   6  12  6  25  (poor) 

c:,;P(001)  :  (7.7.10)28  01  28  40 (poor) 

The  two  faces  ]P  and  ^  P  are  extremely  narrow  and  givfr 
weak  reflections  which  are,  however,  single  and  probably  repre- 
sent the  faces  indicated.  The  crystal  on  which  these  faces  are 
found  lack  the  basal  plane,  bat  show  a  short  prismatic  zone. 
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Id  crystal  babit  most  specimens  of  this  mineral  from  Magnet 
Cove  approach  very  closely  to  the  variety  found  in  the  Achmatow 
mine  in  the  Slatoust  District  of  the  Ural  Mountains  and  figured 
by  Kokscharow.*  Others  bear  a  strong  resemblance  to  Vesuvian- 
ite  from  the  Monzoni  Mountains  on  the  eastern  side  of  the  Fassa 
Valley  in  the  Tyrol,  which  were  figured  by  V.  von  Zephar- 
ovich.f 

The  color  of  these  crystals  varies  from  'an  oily,  yellowish 
green  to  an  olive-green  and  in  rare  cases  passes  into  a  yellowish 
or  reddish  brown. 

The  hardness,  cleavage  and  other  physical  characteristic? 
are  normal  and  require  no  special  description  or  enumeration 
here. 

Under  the  microscope  in  convergent  polarized  light  a  thick 
section  cut  at  right  angles  to  the  vertical  axis  shows,  in  some^ 
parts  of  the  section,  a  perfect  uniaxial  interference  figure  while* 
in  other  parts  of  the  same  section  a  separation  of  the  black  cross- 
into  two  hyperbolas  whose  angular  distance  does  not  exceed  one^ 
degree  is  observed.  .  The  crystal  when  tested  with  a  mica 
plate  shows  the  negative  character  of  its  double  refraction. 

In  thin  sections  parallel  to  the  principal  axis  the  mineral  is. 
nearly  colorless  and  weak  in  its  double  refraction.  In  one  sec^ 
tion  a  large  number  of  minute  colorless  prisms  are  found  scat- 
tered throughout  the  crystal  in  great  profusion.  In  some  cases 
these  are  one  millimeter  in  length  and  of  about  one  tenth  that  in. 
breadth.  They  consist  of  hexagonal  prisms  truncated  on  the 
ends  by  comparatively  steep  pyramids.  They  are  k*ansparent 
and  colorless  and  when  examined  between  crossed  nicols  have- 
a  parallel  extinction.  When  tested  with  a  selenite  plate  they^ 
show  the  character  of  their  double  refraction  to  be  negative.  la 
a  few  cases  irregular  cracks  at  approximately  right  angles  to  the^ 
vertical  axis  are  observed.  These  tests  all  indicate  that  thi» 
included  mineral  is  apatite.  In  some  of  the  vesuvianite  none  of 
of  these  inclusions  of  apatite  appear  but  in  other  specimens  they 

« ICat  Min.  BuMUodi,  Band  I.,  1868,  p.  97.    Cit«d  alter  Handbuch    dcr  Mineralogie- 
Yoa  C.  HiBtw,  Band  U.,  1890,  p.  299. 

t  Wiener  Akad.  Band  49,  p.  94.    Olted  aa  above. 

S8  Geeleffeal;  Tel.  ii.,  1896. 
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are  present  in  large  quantities.  It  is  uncommon  to  find  inclu- 
sions of  any  kind  in  vesuvianite  for  Bosenbusch  *  states  that 
although  this  mineral  occasionally  surrounds  associated.substances 
as  calcite  and  pyroxene  and  contains  fluid  inclusions  still  there 
are  no  inclusions  which  are  characteristic  for  the  mineral  and  it 
is  usually  perfectly  pure  and  homegenous. 

A  chemical  analysis  of  one  of  the  best  and  purest  of  these 
vesuvianite  crystals  gave  the  writer  the  following  results: — 

Analysis  of  vesumanite. 

SlOj 86.68 

TiO, 0.72 

X(») 0.80 

AlA 16.14 

FeA 5.56 

FeO 1.08 

CaO 35.52 

SrO Trace. 

MgO 0.96 

Kfi 0.19 

NSjjO 0.26 

H,0  (loss) 1.83 

Fl 0.00 

Total 99.74 

(«)  For  the  mMnlDg  of  X  see  p.  226. 

A  test  for  fluorine  gave  negative  results. 

The  analysis,  with  the  exception  of  a  rather  large  percentage 
of  iron,  shows  the  mineral  examined  to  be  an  exceptionally  pure 
variety.  A  thin  section  of  the  mineral  analyzed  showed  that 
the  apatite  described  in  some  of  the  other  specimens  was  want- 
ing in  this  one. 

MoniiceUite  occurs  in  large  crystals  and  grains  which  range 
from  I  to  20mm  in  diameter.  It  is  imbedded  in  the  coarse 
crystalline  calcite  in  the  form  of  crystals  and  nodular  masses 
precisely  as  the  vesuvianite  is  and  it  occurs  associated  with  the 
same  minerals. 

The  crystals  were  first  brought  to  the  notice  of  the  writer 
by  Wm.  J.  Kimzey  of  Magnet  Cove. 

*^  Mikrosk,  Phy^log,  Band  I.,  p.  821. 
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R.  K.  Braokett,  chemiet  of  the  Survey,  made  a  roagh  quan- 
titative aoalyeis  of  the  nodular  material  and  the  writer  made  a 
number  of  measurements  on  some  of  the  larger  crystals  with  a 
contact  goniometer.  The  results  of  both  of  these  inveatigatione 
showed  oonclusively  that  the  mineralio  question  waa  montioellite. 

At  about  that  time  word  was  received  from  Dr.  E.  8.  Dana 
that  a  paper  had  been  submitted  to  him  for  publication  in  which 
montioellite  from  Magnet  Cove  was  described  and  figured.  As 
this  paper  had  the  right  of  priority  the  writer  went  no  further 
with  his  iavesttgation  of  this  mineral,  but  was  enabled  through 
the  kindness  of  Dr.  Geoth  and  Mr.  Plrsson,  the  anthors  of  the 
paper  on  montioellite,  to  see  the  advance  sheets  of  their  article  * 
and  to  make  the  following  notes. 

Pirsson,  who  undertook  the  crystallographic  part  of  the 
"work,  observed  the  following  forms  on  the  two  crystals  which 
he  measured:  i^ooPtfc  (010);  «^ooP2  (120);  m=ooP  (110); 
Jt=2Bfc  (021);  d=P6b  (101);  e=P  (111). 

He  states  that  the  brachydome  (021)  and  the 
bracbypinacoid  (010)  are  quite  largely  developed  and 
that  in  these  respects  the  miueral  from  Magnet  Cove 
differs  from  those  of  the  European  localities.  The 
dimensions  of  the  crystal  figured  (Fig.  3d)  are  given 
by  Pirsson  as  follows:  height  3  ctm;  breadth  nearly 
2  ctm  and  thickness  parallel  to  the  brachy-axis  a  lit-  pi-j*.  ji^i- 
tle  more  than  1  ctm.  ^  c^ 

(•i;/brP<r»H).' 

In  the  figure  given  the  unit  prism  (110)  is  not  shown, 
but  it  was  observe  by  Pirsson  on  the  second  crystal  meas- 
ured. 

The  axis  ratios  used  by  Pirsson  are  those  of  vom  Rath,t 
but  in  order  to  bring  this  mineral  into  accord  with  the  olivine 
group,  the  vertical  and  brachy-axes  mast  be  halved. 

The  ratios  then  become  : — 

a  lb:  c=0.438689  : 1 :  0.67569 

•  Aw.  Jour.  Sd.  3«r<«a  t,  Vol.  XI^  IMI,  p.  B3R. 
t  P<vt.  Ann.  Erg.  Biod  V.,  ie;i,  p.  «4. 
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and  the  measured  and  calculated  angles  become : — 


b 
b 

8 
B 
b 


k 

e 

8 

e 

8 

d 


Facet. 

010 
010 
130 
120 
010 
111 
110 


021 
111 
120 
111 
120 
101 
110 


Measured  angles. 

41°  11' 
70  50 
82  07 


Calculated  angles* 

40°  58J' 
70  53J 
81   52 


88  19  (38°  22')  38   19 
48   30  48   04 

19  08  (19°  08')  19   06i 
m\m    IIU  :  110        47   01*  46   53i 

The  physical  properties  given  by  Pirsson  are  as  follows: — 
"Fracture    conchoidal    to    splintery,    brittle;    H.  =  & 
Sp.    gr.— 3.108.     From   colorless   to  brownish    white    and 
light  brown.      Luster  vitreous  on  the  fracture,  inclining  to- 
greasy  on  the  crystal  planes." 

Genth  in  making  the  analysis  powdered  together  the 
mineral  and  the  calcite  in  which  it  was  imbedded  and  by  mean& 
of  a  Thoulet's  solution  separated  the  two  minerals.  He  then 
separated  the  magnetite  by  means  of  a  magnet.  He  found 
considerable  quantities  of  phosphoric  acid  and  by  a  careful 
microscopic  examination  he  detected  minute  needles  of 
apatite. 

The  two  analyses  which  he  made  gave  the  following  re* 
suits :  — 

Analyses  of  moniicelliie  (Genth). 


CONSTITUENTS. 


SiOa .... 
Al.O,.. 
FeO    .. 


CaO. 


MnO.... 

MgO 

P.Oe 

Ignition 

Total 


b. 


83.46 
0.19 
4.93 

35.81 
1.18 

20.52 
2.08 
2.29 


99.91 


Genth  then  deducted  the  PjO^  and  a  sufficient  quantity 
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of  CaO  to  form  Ca^F  (POJ,  (fluorapatite)  from  the  analyaia 
and  recalculated  the  analyses  to  100  per  cent. 
The  reBultiDg  figures  are  as  follows : — 

AniUytea  ofmontieellUe  reealoulated  (Genth). 


cok™,..»t.. 

•■ 

b. 

KM 
0.1T 

M.lfi 

ll.H 

I»»i"00 - 

100.00 

100.00 

If  the  water  is  omitted  this  approaches  very  closely  to 
the  formula  (Mg,  Ma,  Fe),  Sio,.  Ca^  SiO,. 

The  presence  of  over  two  per  cent  of  water  is  pecaliar 
as  the  powdered  mineral  had  been  dried  over  sulphuiic  acid 
for  several  days  hefore  it  was  analyzed. 

The  writer  (J,  F.  W.)  has  noticed  that  in  many  cases  the 
«nit -prism  is  very  strongly  developed    as    mentioned  by 
Pirsson  and  in  some  cases  it  has  become 
flo  prominent  as  to  quite  alter  the  appear* 
ance    of    the    crystal.     (Fig.     40).     The  ^ 

■crystal  from  which  the  figure  is  takeu  is 
about  5cm  in  length  and  2cm  in  breadth 
and  thickness,  being  nearly  equal  in  these 
two  dimensions.  The  faces  observed  are 
those  mentioned  by  Pirsson  as  having 
been  noted  on  these  crystals,  with  the  ex- 
ception of  the  macrodome  (101)  which  is  fi*.  w.  Mmtkeiiut 
absent  on  the  crystal  figured  by  the 
writer.  The  same  notation  of  faces  as  that  used  by  Pirs- 
son has  been  adopted. 
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III.    RELATION  OF  THE  IGNEOUS  ROCKS  Of  MAGNET  COVE  TO  EACH 
OTHER  AND  TO  THE  ADJACENT  SEDIMENTARY  ROCKS. 

The  igneous  rocks  of  Magnet  Cove  are  divided  into 
three  genetically  distinct  groups  whose  structure  and  mode 
of  occurrence  show  that  they  were  formed  during  three  dis- 
tinct periods  of  igneous  activity. 

The  oldest  of  these  consists  of  the  basic^  eleolitic,  abyssa) 
rocks  which  constitute  a  large  part  of  the  interior  Cove 
basin.  The  large  masses  of  these  rocks  are  holocrystalline 
granitic  in  their  structure  and  were  cooled  slowly  and  under 
pressure.  About  the  edges  of  this  mass  a  porphyritic  variety 
of  these  rocks  often  occurs  and  in  some  cases  cracks  in  the 
surrounding  rocks  are  filled  with  materials  from  this  basic 
magma  thus  forming  basic,  eleolitic,  porphyritic  and  lampro- 
phyric  dikes. 

The  next  period  of  igneous  activity  is  one  which  corres- 
ponds to  the  dike  forming  epoch  of  the  Saline  County  region. 
During  this  period  the  rock  in  and  about  the  Cove  which 
had  been  disturbed  and  heated  by  the  intrusion  of  the 
masses  of  abyssal  rocks  cooled  and  cracks  opened  in  all 
directions.  These  cracks  are  filled  with  monchiquitic  rocks 
of  all  varieties  which  appear  as  the  basic,  dark,  non-eleolitic 
dikes,  so  numerous  in  the  neighborhood  of  the  Cove  and  in 
fact  everywhere  throughout  that  part  of  the  state.  (See- 
chap.  XIII). 

The  third  and  last  period  of  igneous  activity  is  that  in 
which  the  eleolitic  and  leucitic  rocks  of  the  "  Cove  ring  ^^ 
were  formed  and  during  which  the  numerous  tinguaitic 
dikes  of  all  varieties  were  intruded.  The  rocks  of  thi* 
period  are  all  of  an  intrusive  character,  a  fact  which  is  shown 
both  by  their  structure  and  mode  of  occurrence. 

These  youngest  rocks  cut  both  the  abyssal  rocks  (p.  188) 
and  the  dikes  of  monchiquite  (p.  174),  and  are  therefore 
proved  to  be  younger  than  either  of  those  groups. 

All  the  igneous  rocks  are  younger  than  the  surrounding 
Paleozoic  rocks*  and  have   forced  their  way  into  them. 

*  See  note  bj  John  0.  Branner  in  Proc.  A.  A.  A.  8L,  Vol.  XXXVII.*  1888,  p.  188. 
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• 

They  were  formed  after  the  folding  aod  bending  and  after 
some  of  the  erosion  of  the  Paleozoic  rock  had  been  accom- 
plished, probably  during  late  Cretaceous  times. 

The  rock  now  found  in  and  about  the  Cove  shows  no 
evidence  of  having  been  efiusive  in  the  sense  in  which  that 
term  is  used  in  petrography.  The  occurrence  of  the  abyssal 
rock  in  the  Cove  center  and  the  numerous  dikes  about  the 
border,  separated  from  each  other  only  by  narrow  beds  of 
sedimentary  rock  indicate  an  intrusive  and  not  an  efiusive 
rock.  If  a  true  eruption  took  place  over  the  whole  Cove  or 
at  any  part  of  it,  it  would  be  natural  to  expect  some  indica- 
tion of  such  action  in  the  form  of  glass,  scoria,  tufa  or  ashes, 
but  nowhere  about  the  Cove  nor  even  anywhere  in  Arkansas 
where  the  detritus  from  the  Cove  is  deposited  has  any  such 
material  been  found.* 

On  the  other  hand  since  the  intrusion  of  the  igneous 
rocks  the  erosion  which  has  taken  place,  although  probably 
entirely  subaerial,  has  been  very  great  and  all  such  truly 
volcanic  material  had  it  ever  existed  might  have  been  carried 
away  and  become  entirely  disintegrated  in  the  transit. 

It  is  certain  that  the  rock  which  now  appears  at  Magnet 
Cove  is  in  the  form  of  abyssal  masses  and  of  large  and  small 
dikes,  but  whether  these  dikes  are  simply  the  pipes  through 
which  the  igneous  matter  erupted  to  the  surface  or  are  in- 
trusive dikes  which  did  not  afiord  effusive  material,  is  a 
question  which  cannot  be  definitely  answered  from  the  data 
at  hand. 

The  writer  is,  however,  of  the  opinion  that  these  igneous 
rocks  are  intrusive  in  the  restricted  sense  of  the  word  and  the 
rocks  described  in  this  report  have  been  classified  and 
named  in  accordance  with  this  conviction. 

*  The  asb-beds  described  in  chapter  X.  ii.  are  of  a  much  earlier  origin  and  are  inter- 
bedded  with  rocks  which  were  formed  U)ng  before  the  intrusion  of  the  igneous  rocks  exposed 
In  the  state. 
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I.      DISTRIBUTION   OF   IGNEOUS   ROCKS. 

The  igneous  rocks  about  Potash  Sulphur  Springs  cover 
in  all  about  three-quarters  of  a  square  mile  (20  ares)  but  even 
in  this  comparatively  small  area  they  show^  many  types  and 
varieties.  The  rock  is  situated  in  township  3  S.^  range  18 
W.  and  occupies  the  western  portion  of  section  17  and  the 
•eastern  half  of  section  18. 

Perhaps  the  most  satisfactory  way  in  which  to  describe 
this  region  is  to  take  the  Potash  Sulphur  Springs  hotel  (3  S., 
18  W.,  Section  17,  center  of  N.  W.  quarter)  as  a  starting 
point  and  consider  all  the  other  localities  with  reference  to  it. 

As  will  be  seen  from  an  examination  of  map  V.  the  hotel 
is  situated  in  a  small,  level  space  at  the  foot  of  a  novaculite 
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ridge  and  stands  close  to  the  bank  of  the  Potash  Salphar 
Branch  of  Salphar  Creek.  The  novacalite  ridges  in  this 
region  all  trend  in  a  generally  soathwest  direction  and  form 
the  most  striking  featnres  of  the  landscape.  On  the  west 
the  hills  come  somewhat  nearer  the  stream  than  on  the  east, 
but  are  not  nearly  so  high.  The  western  hill  forms  an  ir- 
regular, broad-topped  elevation  and  is  bounded  on  its  western 
side  by  a  valley  beyond  which  rises  a  much  steeper  hill 
resembling  quite  strongly  a  novaculite  ridge.  Both  north  and 
south  of  the  hotel  the  stream  finds  its  way  between  high 
ridges  and  forms  a  very  important  agent  in  exposing  the 
rocks  along  its  course.  North  of  the  syenite  area  lies  Bald 
Mountain,  another  novaculite  ridge,  and  by  far  the  highest 
and  most  important  one  in  this  immediate  vicinity.  At  its 
highest  point  it  is  about  a  thousand  feet  (300m)  above  the 
level  of  the  Gulf  of  Mexico  and  it  forms  a  striking  feature  in 
the  landscape. 

The  greater  part  of  the  igneous  rock  lies  west  of  PotaHh 
Sulphur  Branch  and  forms  the  hill  or  group  of  hills  on  that  side 
of  the  stream  for  nearly  half  a  mile  (0.8km).  The  north  line  of 
contact  between  the  sedimentary  rocks  and  the  syenite  begins  at 
the  creek  and  extends  west  across  a  southern  spur  of  Bald 
Mountain.  The  general  character  of  the  rock  is  that  of  a  coarse- 
grained eleolite  syenite  which  in  some  cases  shows  large  crystals 
of  mica.  The  contact  line  between  the  novaculite  and  the 
igneous  rock  is  comparatively  straight^  but  there  are  places 
where  dikes  of  the  igneous  rock  extend  out  into  the  novaculite 
for  several  hundred  feet.  In  one  case  such  a  dike  appears  in 
the  form  of  large,  syenite  boulders  6  feet  (1.8m)  in  diam- 
eter. These  dikes  are  usually  rather  fine-grained  aud  have  a 
greenish  color.  They  contain  much  aegirite  and  are  somewhat 
porphyritic. 

The  west  line  of  contact  runs  nearly  southwest  from  the  west- 
era  extremity  of  the  northern  boundary  (8  S.,  13  W.,  sec.  18  near 
the  center  of  N.  line  of  N.  E.  quarter)  following  the  general 
trend  of  the  novaculite  ridge  and  keeping  20  to  30  feet  (6  to  9m) 
above  the  bottom  of  the  valley.    This  syenite  occurs  in   loose 
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pieces  mixed  with  the  fragments  of  novaculite  lying  on  the 
surface  and,  wherever  a  gully  cuts  through  the  surface,  the  de- 
composed syenite  is  found  forming  the  underlying  rock  of  that 
part  of  the  hill.  In  most  cases  thecharacter  of  the  arbofation  is 
here,  as  at  Magnet  Cove,  a  sure  indication  of  the  character  of 
the  underlying  formations.  Thus  wherever  only  hard  wood  is 
found  and  no  pine  whatever  appears  (unless  it  has  recently  been 
cut  ofi)  it  is  nearly  certain  that  an  underlying  bed  of  syenite  exists 
even  if  it  is  covered  over  with  fragments  of  novaculite.  On  the 
other  hand  the  occasional  occurrence  of  a  pine  does  not  necessa- 
rily indicate  that  sedimentary  rocks  underlie  it,  but  it  has 
usually  been  found  that  where  a  few  pines  are  scattered  amoog 
the  hard-wood  trees  the  hillside  consists  of  a  number  of  dike^ 
of  igneous  rock  cutting  the  sedimentary  beds. 

The  best  exposed  and  best  defined  mass  of  eleolite  syenite 
on  the  western  side  of  the  region  is  a  mass  of  coarse-grained 
eleolite  syenite  which  lies  along  the  crest  of  the  western  ridge 
already  mentioned.  This  is  cut  off  on  the  soutli  by  the  novaca- 
lites,  but  isolated  masses  of  syenite  and  of  the  border  or  dike 
variety  of  tinguaite,  occur  above  this  along  the  north  and  east 
side  of  the  novaculite  ridge  and  then  appear  again  in  the  valley 
to  the  east. 

In  the  valley  the  rock  is  for  the  greater  part  covered  up  by 
loose  detrital  material  and  soil,  but  occasionally  in  the  bpttoms  of 
the  deep  ditches  cut  by  the  streams  the  rock  appears  in  the  form  of 
fresher  dike-like  masses  included  in  the  coarse-grained  and  very 
much  decomposed  eleolite  syenite.  These  masses,  as  they  ap- 
proach the  southern  border  of  the  area,  become  more  eleolitio 
and  darker  in  color  and  show  a  great  similarity  to  the  cove  type 
of  the  Magnet  Cove  rocks  (p.  208.)  These  rocks  on  decaying 
form  a  very  productive  soil  and  a  flourishing  vineyard  on  the 
top  of  the  hill  attests  its  good  quality.  In  the  soil  of  this  vine- 
yard many  flakes  of  mica  and  loose  pieces  of  garnet  occur. 

The  coarse,  eleolitic  rocks  extend  to  the  Potash  Sulphur 
Branch  and  either  cross  it,  or  form  porphyritic  bands  on  the  wes- 
tern bank  of  the  stream  where  they  come  in  contact  with  the  sedir 
mentary  rocks.     This  is  the  case  at  the  Springs  themselves,  for 
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there  the  eleolitic  rock  covers  the  top  of  the  hill^  but  just  before 
it  reaches  the  sedimentary  rocks  it  becomes  porphyitic  and  forma 
a  brown  syenite  porphyry,  or  better  a  feldspathic  tinguaite.  This 
belt  is  about  four  feet  (1.2m)  thick  and  appears  in  the  steep  bank  ii^ 
an  almost  horizontal  position.  Below  it  occur  the  strongly  met- 
amorphosed sedimentary  rocks  from  which  issue  the  ^'potash 
sulphur  mineral  waters."  This  contact  rock  is  extremely  varia- 
ble in  its  composition  and  in  some  places  approaches  so  close  to 
an  igneous  rock  in  its  appearance  and  co  mposition  that  it  is. 
almost  impossible  to  detect  the  difference.  The  igneous  rocks 
which  appear  again  below  this  consist  principally  of  bands  of 
light  and  dark  rock  completely  intermingled  and  cut  here  and 
there  by  masses  and  veins  of  calcite  which  often  show  a  decidedly 
banded  structure.  The  darker  variety  of  rock  evidently  ap- 
proaches very  closely  to  the  dark  variety  of  eleolite  syenite  from 
Magnet  Cove.  The  lighter  bands  consist  of  three  varieties,, 
namely,  true  eleolite  syenite  dike  rock,  such  as  is  found  cutting^ 
the  darker  variety  at  Magnet  Cove;  a  light  colored,  granular 
contact  rock  containing  much  white  wollastonite  and  a  coarse- 
or  fine-grained  calcite  which  here  and  there  contains  other  min- 
erals, (See  later).  These  rocks  are  cut  at  two  points  by^ 
fourchite  dikes,  one  of  which  is  only  six  inches  (15cm)  wide  and 
runs  out  to  a  point  under  the  surface  of  the  stream  directly  west 
of  the  bowling-alley.  The  other  dike  is  about  18  inches  (45cm) 
wide  and  lies  parallel  to  the  first  and  about  three  feet  (0.91m) 
south  of  it.  They  both  have  a  northwest  and  southeast 
direction. 

About  two  hundred  feet  (60m)  below  this  point  the  igneous 
rock  comes  down  to  the  stream  and  crosses  to  the  eastern  side. 
Here  it  forms  a  mass  ef  syenite  boulders  which  are,  however, 
not  far  from  in  place.  Extending  south  from  these  for  some 
distance  the  igneous  rock  is  found  in  the  banks  and  euts,  in  a 
very  decomposed  condition.  About  a  quarter  of  a  mile  (0.4km) 
south  of  the  hotel  the  syenite  is  found  to  extend  further  to  the 
east  and,  in  the  form  of  dikes  of  igneous  rock  associated  with 
bands  of  both  metamorphosed  and  unaltered  sedimentary  rocks,, 
makes  up  the  western  side  of  the  hill,  lying  east  of  the  road.    Oa 
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the  eastern  side  of  the  same   bill  the  shales  evideutly  predomi- 
nate, but  at  one  point  near  the  southeast  corner  of  the  hill  a  dike 
of  brown  tinguaite  similar  to  that  found  near  the   springs,  cats 
the  shales  in  an  almost  due  east  and   west  direction.     The  dike 
is  here  about  3  feet  (0.91m)  wide.     It  appears  in  a  small  branch 
which  flows  into  Potash  Sulphur  Branch  from  the  east  and  in 
the  bed  of  which,  with  the  exception  of  the  dike  mentioned^  nothing 
but  shales   could     be    detected.      On  passing  over  the   sooth 
^nd  of  the  hill  due  west  from  this  point  syenite  and  metamor- 
phosed rock  is  found  in  abundance  and  on  reaching  the  road  two 
dikes  of  elcolite  syenite,  granitic  in  structure  and  aboat  50  feet 
'(15.2m)    apart,  occur.     These  form  fhe  southern  limit  of  the 
igneous  rocks  and  although  they  appear  only  as  boulders  on  the 
surface  they  may  form  considerable  masses  deeper  do.wn.     They 
are  bounded   on  both  sides  by  bands  of  green   tinguaite.    On 
tracing  these  west  onto  the  hill  they  gradually  become  covered 
with  syenitic  soil  and  loose  fragments  of  syenite  and  shale  inter- 
mingled, showing  that  the  same  mixtures  of  shale  and  igneoos 
rock  which    have  been   mentioned  occur  here.    This   kind  of 
syenitic  soil  extends  nearly  to  the  top  of  the  low  hill  about  which 
the  road  turns  in  passing  from  Potash  Sulphur  Springs  to  the 
railway  station  at  Lawrence.     From   this  hill  the  mixture  of 
syenite   dikes  and    metamorphosed   rock   extends  to   the  north 
along  the  creek  and  widens  out  towards  the  west  until  it  touchea 
the  rock  already  described  as  lying  north  and  east  of  the  western 
novaculite  ridge. 

Returning  now  to  the  road  where  the  dikes  of  eleoliie 
syenite  cross  it,  it  is  found  that  for  some  distance  toward  the 
north  the  rock  is  principally  metamorphosed  shale  and  then,  300 
feet  (91m)  north  of  the  dikes  just  mentioned,  appear  the  de- 
composed remnants  of  a  30  foot  (9.1m)  dike  of  eleolite  syenite 
on  both  sides  of  which  are  very  beautifully  banded  metamor- 
phosed shales.  In  these  occur  the  beautiful  pink  and  white 
^oUastonite  crystals  which  were  exposed  when  the  rock  was 
blasted  open  in  building  the  road.  North  of  this  band  of  met- 
amorphosed rock  the  syenite  appears  in  a  decomposed  condition 
^nd  seems  to  form  the  mass  of  the  hill  to  the  east. 
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II.       PETROGBAPHIC     DESCRIPTION    OF     ROCKS     FROM     POTASH 

SULPHUR  SPRINGS. 

The  only  petrographic  notice  of  the  rocks  of  this  region 
was  made  by  Owen*  where  he  mentions  a  *'  quartz  porphyry 
amongst  which  a  calk  spar  rock  is  found''  near  Fairchild's. 
mineral  spring. 

Many  of  the  types  already  described  from  Magnet  Cove 
occur  among  the  syenitic  rocks  at  or  near  Potash  Sulphur 
Springs.  Where  these  are  identical  or  nearly  so  with  the 
types  already  described  no  additional  description  of  them  is 
given,  but  in  the  few  cases,  mentioned  below  the  rocks  appear 
to  be  somewhat  different  from  any  of  the  types  already 
noticed  and  are  consequently  described  separately. 

A,    Eleolitic  Rocks. 

1.     EleolUe  SodalUe  Syenite, 

The  eleolite  sodalite  syenite  is  a  medium-grained  mixture 
of  glassy  sanidine-like  feldspar  crystals,  pink  eleolite  and 
black  prisms  of  pyroxene.  It  is  quite  holocrystalline  and 
granitic  in  its  general  appearance  and  would  form  a  beautiful 
building  stone  for  interior  work. 

The  microscopic  physiography  of  only  a  few  of  the  min- 
erals which  compose  this  rock  need  to  be  taken  up  in  detail, 
for  most  of  its  components  are  identical  with  those  described 
elsewhere. 

Feldspar  appears  as  a  glassy,  sanidine-like  variety.  It 
has  a  low  double  refraction  and  might  easily  be  mistaken  for 
eleolite  were  it  not  for  its  characteristic  cleavage-cracks.  It 
is  clear  and  transparent  and  forms  comparatively  large  allo- 
triomorphic  crystals  which  include  idiomorphic  crystals  of 
eleolite  and  of  sodalite. 

SodalUe  appears  in  small  (0.6  to  1.0mm)  idiomorphic 
crystals  which  are  generally  hexagonal  in  section.  These 
have  mostly  been  so  altered  by  weathering  that  they  show 
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flight  polarization  pheDomena  when  observed  with  a  selenite 
plate.  These  hexagonal  sections  might  all  be  referred  to 
eleolite,  which  also  appears  as  phenocrysts  in  the  feldspar 
were  it  not  for  the  fact  that  a  qualitative  examination  of  the 
rock  showed  considerable  quantities  of  chlorine  indicating 
the  presence  of  sodalite. 

Eleolite  is  in  the  form  of  stout  prisms  which  are  alwavs 
older  than  the  orthoclase.  They  generally  contain  many  alter- 
ation products  in  the  form  of  cancrinite,  hydronephelite  and 
oalcite. 

Pyroxene  appears  under  the  microscope  as  light  yellowish 
green  sections  of  diopaide.  This  mineral  often  appears  in  the 
form  of  numberless  parallel  needles  which  have  been  formed  by 
the  decomposition  and  regeneration  of  the  original  pyroxene 
substance. 

Biotiie  is  also  observed  and  occurs  in  thin  brown  plates. 

The  rock  as  a  whole  presents  a  similar  appearance  to  the 
mica  eleolite  syenite  (Cove  type)  from  Magnet  Cove,  but  is  finer 
grained  and  poorer  in  pyroxene, 

^.     Eleolite  Garnet  Porphyry. 

The  dark  gray  band  of  rock  occurring  near  the  hotel  con- 
tains numerous  black  crystals  and  forms  a  rough^  harsh  stone. 

Under  the  microscope  it  is  seen  to  be  porpbyritic  in  struct- 
ure and  the  dark  crystals  are  found  to  be  perfect  brown  garnets 
(melanite)  often  as  much  as  a  millimeter  in  diameter.  These  are 
imbedded  in  a  groundmass  consisting  principally  of  plagioolase 
and  diopside  crystals.  Both  eleolite  and  diopside  appear  as 
phenocrysts. 

Eleolite  consists  of  stout  hexagonal  prisms  which  are  often 
altered  in  great  part  to  calcite  and  cancrinite. 

Melanite  forms  perfectly  sharp,  idiomorphic  crystals  which 
have  a  brown  or  yellow  color  and  show  concentric  zones  of  these 
two  colors;  the  interior  being  usually  the  lighter  and  the  outside 
rims  the  darker.     They  are  in  all  respects  perfectly  normal. 

Diopside  occurs  in  small,  lath-like  crystals  which  are  found 
only     in   the   groundmass.      They   seldom   exceed  0.07mm  in 


POTASH  SULPHUR  SPRINGS  REGION  —  ELEOLITIC  ROCKS.  851 

length  and  are  very  slender.  They  almost  always  form  albite 
twins,  in  which  the  extinction  on  the  two  sides  of  the  twinning- 
plane  is  comparatively  small — not  often  over  12^,  so  that  the 
crystals  may  be  considered  as  belonging  to  the  labradorite  series. 
Around  these  crystals,  and  in  some  parts  of  the  section  forming 
a  very  important  factor,  is  a  transparent  substance,  which 
between  crossed  nicols  appears  white.  On  revolving  the  stage 
a  spheroidal  structure  is  observed  in  this  material.  When  a 
section  containing  this  material  is  etched  with  hydrochloric  acid 
large  cubes  of  salt  are  quickly  formed  showing  that  the  sub- 
stance contains  much  sodium.  It  is  probable  that  it  is  the  result 
of  weatheriufi:  on  some  mineral- rich  in  sodium.  The  order  of 
formation  of  the  minerals  making  up  this  rock  is  as  follows : 
Diopside,  melanite,  eleolite,  orthoclase,  labradorite,  secondary 
minerals. 

S.     Eleolite  Ungudite. 

a.    Border  type. 

This  rock  appears  macroscopically  to  be  a  typical  tinguaite 
and  is  usually  of  a  green  or  greenish  brown  to  reddish  brown 
color.  It  forms  the  borders  of  the  larger  masses  of  eleolite 
syenite  (p.  347)  and  also  of  the  smaller  dikes  (p.  348).  It  is 
characterized  by  the  occurrence  of  phenocrysts  of  orthoclase 
or  sanidine  imbedded  in  a  macroscopically  dense  groundmass. 

Orthoclase  {sanidine)  occurs  in  idiomorphic  crystals,  tabular 
parallel  to  the  clinopinacoid  (010),  which  are  often  20  to  80mm 
in  their  greatest  diameter.  These  crystals  are  generally  white 
and  opaque,  but  occasionally  clear  and  transparent  ones  occur. 

One  such  orthoclase  crystal  which  is  cut  nearly  parallel 
to  the  clinopinacoid  (010)  shows  the  faces  OP  (O01),+Pob 
(101),  +2Poo  (201),  ooP(llO),  ooPdd  (010).  The  position  of 
the  optic  axes  and  the  size  of  the  optic  axis  angle  indicate 
that  these  crystals  are  sanidine.  They  are  comparatively 
free  from  inclusions  and  where  weathering  has  occurred  it  is 
shown  by  a  kaolinization  and  consequent  opaqueness  of  the 
crystals. 

Meoliie  appears  only  in  the  groundmass  aud  v^  {t^^^w\\^ 
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very  indistinct.     It  resembles  that  described  iu  the  tingoi- 
ites  of  the  Fourche  Mountain  region  (p.  101). 

Sodalite  appears  in  small  idiomorphic  crystals  and  ia 
characterized  by  its  form  and  '*  dusty"  appearance. 

jEgirite  is  rare^  but  occasionally  occurs  in  large  idiomor- 
phic crystals. 

The  groundmasa  consists  of  lath-shaped  orthoclase  or 
plagioclase  crystals  and  innumerable  minute,  green  crystals 
which  are  probably  eegirite  (See  p.  283). 

The  ordinary  accessory  minerals  are  such  as  magnetite, 
apatite  etc.,  and  are  usually  present  in  but  small  quanti- 
ties. 

In  the  cases  where  the  eleolite  and  the  sodalite  of  the 
groundmass  are  present  in  only  very  small  quantities  this 
rock  approaches  closely  the  segirite  tinguaite  group  and 
cases  may  occur  where  no  eleolite  nor  sodalite  whatever  is 
present  and  the  rock  forms  a  true  segirite  tingudite. 

b.    Dike  type. 

This  type  has  been  observed  in  but  one  locality  (p.  348) 
and  in  that  case  the  rock  forms  a  reddish  brown  dike  in 
which  are  bedded  phenocrysts  of  orthoclase. 

This  rock  was  not  examined  microscopically,  but  it  is 
probable  that  it  is  similar  to  the  rocks  of  the  same  class 
which  occur  at  Magnet  Cove. 

B.    Augitic  Rocks. 

Among  the  augitic  rocks  there  are  some  which  differ 
slightly  in  appearance  from  the  members  of  the  monchiquite 
group  already  described  elsewhere. 

The  first  variety  of  these  occurs  in  dikes  cutting  the 
limestone  rocks  as  described  (p.  347)  and  appears  macro- 
scopically  as  a  dense  black,  rock  in  which  are  scattered, 
here  and  there,  small,  black  crystals  which,  by  the  aid  of  a 
magnifying  glass,  are  seen  to  have  a  prismatic  habit.  Under 
the  microscope  these  are  seen  to  be  phenocrysts  of  angite  ly- 
ing in  a  groundmass  containing  smaller  augites.    These  two 
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componeutB,  together  with  magQetite,  make  up  almost  the 
whole  mass  of  the  rock. 

The  augite  is  the  typical  form  of  basaltic  augite  and 
shows  both  a  zonal  and  an  hour-glass  structure,  twins  parallel 
to  the  orthopinacoid  (100)  and  an  idiomorpbic  crystal  form 
as  in  the  individuals  described  under  Fourche  Mountain 
fourchites  (p.  107)  and  in  Chapter  XII. 

The  second  generation  augites  have  the  same  pinkish 
yellow  color  as  the  phenocrysts  and  show  the  same  cleavage- 
cracks  and  extinction  angles.  The  younger  crystals  are 
usually  proportionately  more  elongated  in  the  direction  of 
the  vertical  axis  than  the  phenocrysts  and  both  the  twinning 
parallel  to  the  orthopinacoid  (100)  and  the  zonal  structure 
are  wanting. 

These  crystals  with  an  occasional,  minute,  broken  flake 
of  biotite  and  numerous  grains  of  magnetite  are  the  only 
minerals  now  visible  in  the  rock.  There  are,  however,  ir- 
regular spots  filled  with  decomposition  products  which 
appear  as  if  they  had  at  sometime  been  olivine,  but  the  indi- 
cations are  so  uncertain  that  olivine  can  hardly  be  considered 
to  have  been  identified  as  an  original  component  of  the  rock. 

The  groundmassj  in  so  far  as  it  has  been  observed,  is  per- 
fectly isotropic  and  shows  no  tendency  to  devitrification.  It 
IS  present  in  very  small  quantities,  but  when  some  of  the 
powdered  rock  was  boiled  with  hydrocholoric  acid  and  the 
liquid  evaporated  to  dryness  on  an  object  glass  immense 
numbers  of  small  cubes  of  salt  were  observed  in  the  gelatin- 
ous silica  formed.  This  indicates  that  the  groundmass  is 
alkaline  in  its  constitution  and  can  easily  be  decomposed  by 
acids. 

The  second  variety  of  monchiquite  which  occurs  at  Pot- 
ash Sulphur  Springs  is  interesting  both  because  it  shows  a 
decided  fluidal  structure  and  because  the  augite  crystals 
which  were  originally  small  have  almost  entirely  disappeared 
and  are  indicated  only  by  small,  reddish  brown,  hexagonal 
spots  (these  are  bounded  by  the  faces  110  and  010)  and  long^ 
monoclinic  or  rectangular  sections  which,  only  very  rarelNf  ^ 

n  Gwkfleal;  Vol.  it,  1890. 
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show  any  undecomposed  material  in  their  centers.  This 
rock  contains  much  secondary  biotite  and  many  decompo- 
sition prodacts. 

Still  another  variety  of  monchiqaite  is  one  in  which  the 
augite  crystals  are  large  and' well  crystallized,  but  have  been 
so  acted  upon  since  their  formation  that  in  most  cases  they 
have  been  replaced  by  a  light  green,  highly  refracting  mate- 
rial, which  shows  an  extinction  in  the  same  direction  as  the 
augite,  but  whose  extinction  angle  is  much  smaller.  In  this 
case  alf^o  large  quantities  of  secondary  biotite  may  be  ob- 
served. 

III.      CONTACT   ROCKS  AND   MINERALS. 

In  many  respects  the  contact  rocks  and  minerals  of  the 
Potash  Sulphur  Springs  region  are  similar  to  those  of  the  re- 
gions already  described,  but  in  some  ways  they  differ  consider- 
ably from  them. 

One  of  the  most  important  contact  bands  in  this  region  is 
that  which  crosses  the  road  leading  from  Lawrence  station  to 
Potash  Sulphur  Springs  at  a  point  about  700  yards  (640m) 
south  of  the  hotel  (p.  348).  It  is  formed  by  the  intrusion  of  a 
vertical  dike  of  eleolite  syenite  30  feet  (9.1m)  wide,  cutting  the 
shales  in  a  nearly  east  and  west  direction.  The  shale  on  both 
sides  of  this  dike  is  of  a  greenish  gray  color  and  but  little  de- 
composed while  the  igneous  dike  has  almost  disappeared. 

Near  the  line  of  contact  the  shale  has  entirely  lost  its  shaly, 
laminated  structure  and  has  the  appearance  of  a  glassy  igneous 
rock.  It  is  cut  by  numerous  small  sheets  and  masses  of  pink 
and  white  minerals  which  present  a  strong  contrast  tq  the  green- 
ish color  of  the  rock.  It  also  contains  numerous  bands  and 
masses  of  coarse-crystalline  calcite. 

Under  the  microscope  the  rock  is  seen  to  consist  of  pyroxene, 
plagioclase,  quartz  (scarce),  wollastonite,  and  apatite. 

Piagioclase  forms  a  groundmass  of  small  crystals  which  sel- 
dom exceed  a  millimeter  in  diameter  and  among  these  are 
scattered  light  colored,  needle-shaped,  mococlinic  pyroxene 
crystals.     The  latter  are  usually  very  small,  but  are  occasionally 
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«s  muoh  as  2min.in  length.     Their  angle  of  extinction  is  about 
15^  and  their  pleochroism  is  slight. 

The  plagioclase  crystals  are  quite  distinct  and  form  long, 
iath-shaped  crystals  which  usually  show  twinning  lamellae  and 
also  occur  as  thick,  broad  crystals  which  do  not  show  such 
lamellss.  The  latter  variety  might  easily  be  mistaken  for  sections 
of  orthoclase,  but  it  is  probable  that  they  are  plagioclase  crystals 
<;ut  approximately  parallel  to  the  brachypinacoid  (010). 

Quartz  appears  only  in  a  few,  very  indistinct,  allotriomor- 
phic  individuals. 

Certain  long,  narrow,  colorless  and  semi-transparent  crystal 
sections  which  are  not  truncated  at  the  ends,  but  are  frayed  out 
and  irregular,  appear  in  the  thin  sections  of  this  rock.  They 
show  sharp  cleavage-cracks  which  make  an  angle  of  about  30^ 
with  the  direction  of  the  greatest  dimension  of  the  section.  One 
such  section  remained  dark  between  crossed  nicols  during  a 
complete  revolution  of  the  stage.  In  convergent  polarized  light 
an  interference  figure  appeared  which  consisted  of  a  black  cross 
and  one  ring.  The  character  of  the  double  refraction  of  this 
crystal  is  negative. 

These  crystals  have  a  high  index  of  refraction  but  only  a 
a  medinmly  high  double  refraction.  Smaller,  needle-shaped 
crystals  resembling  the  large  ones  occur  plentifully  in  the  section, 
but  their  form  and  appearance  are  quite  unfamiliar  to  the 
writer. 

Apatite  occasionally  occurs  in  minute  needles. 

WoUastonUe  occurs  in  the  body  of  the  rock  in  small,  lath- 
shaped  crystals,  but  its  most  interesting  occurrence  is  in  the 
form  of  the  pink  and  white  minerals  which  constitute  the  plates 
and  masses  already  mentioned  (p.  348). 

The  white  variety  of  wollastonite  occurs  in  slender  columns 
and  radiate  masses.  These  are  made  up  of  crystals  which  are 
elongated  in  the  direction  of  the  6  axis  and  show  a  cleavage 
parallel  to  the  base  (001)  and  the  orthopinacoid  (100).  The 
cleavage-planes  possess  respectively  a  mother-of-pearl  and  a 
glassy  lustre. 

Under  the  microscope  and  in  a  polarized  light  the  sleadec^ 
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rod-like  iadividuals  have  a  parallel  eztioction  and  when  ob^ 
661  ved  in  convergent  polarized  light  a  single  optic  axis  is  occa- 
sionally sieen.  By  revolving  the  crystal  vertically  about  its. 
longest  axis  6  another  single  optic  axis  is  observed  and  it  is 
evident  that  the  plane  of  the  optic  axis  is  the  symmetry- plane 
(010). 

This  white  material  is  generally  covered  with  a  layer  of  the 
pink  scales,  described  later,  but  by  u^ing  gufficient  care  it  can  be- 
completely  separated  from  them. 

A  chemical  analysis  of  this  mineral  was  made  by  the  Survey,. 
R.  N.  Brackett,  analyst,  with  the  result  given  in  the  following 
table.  An  analysis  of  wollastonite  from  Mt«  Vesuvius  and  the 
theoretical  composition  of  that  mineral  and  of  xonotlite  are 
placed  beside  this  for  the  sake  of  comparison. 

Analyses  of  wollastonite  and  xonotlite. 


I.                      II. 

1 

III. 

IV. 

V. 

CONSTIUENTS. 

Wollastonite. 

Xonotlite. 

Potash  Sul- 
phur Springs. 

Mt.  Vesuvius. 

Tbeoivtioal. 
Ca  SiOa 

51.72 

Xonotla 
Mexico. 

Tbeoratical 
4  0aSi0ii-sq. 

SiO, 

FeO     

51.98 

2.08 

42.55 

5190 

49.58 
0.81 

43JS6 
1.79 

49.79 

CaO 

46.44 

48.28 

46.48 

MnO 

•2.08           1          0.96 

MkO 

0.44 
1.23 

0.65 

H.O  (itrnltioD)..' 

H.70 

8.78 

ToUl 

100.26 

99.95 

100.00 

99.94 

100.00 

I.  Wollastonite  (white),  Potash  Sulphur  Springs;  analyzed  by 
R.  X.  Brackett. 

II.  Wollastonite,  Mt.  Vesuvius;  anal^'zed  by  Wiehage  (Mineral- 
chemie,  p.  379). 

III.  Theoretical  analysis  of  wollastonite— CaSiOj. 

IV.  Xonotlite  (white)  from  Xonotla,  Mexico;  analyzed  by  Eanw 
melsberg  (Zeit.  d.  geol.  Ges.,  Band  XVIII.,  p.  33.  Cited  after  Mineral- 
chemie,  p.  3«0). 

V.  Theoretical  analysis  of  xonotlite— 4CaSi03+aq. 

It  is  evident  from  these  analyses  that  the  mineral  in 
question  is  very  near  a  wollastonite  in  its  composition  and 
that  on  account  of  the  water  which  it  contains  it  inclinea 
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somewhat  towards  xonotlite.  If,  however,  this  water  be  dis- 
regarded (since  it  is  in  a  great  part  hygroscopic),  and  the 
iron  manganese,  and  magnesia  be  considered  as  replacing 
lime  and  the  analysis  then  be  recalculated  to  100  per  cent 
the  following  result  is  obtained,  which  for  the  sake  of  com- 
parison is  placed  beside  the  theoretical  analysis  of  wollas- 
tonite. 

Analyses  of  wollastonite. 


CONSTITUENTS. 


BecalcuUted 

Potash  Sulphur 

Springs. 


SiOz. 
OaO.. 


Theoretical 
CaSlOs 


58.10 
46.90 


51.72 
48.28 


ToUl 


100.00 


100.00 


From  this  comparison  it  appears  that  this  mineral  is  an 
Impure  wollastonite  which  has  undergone  a  slight  decompo- 
sition and  has  taken  up  some  water.  Since  it  approaches 
the  theoretical  composition  of  wollastonite  nearer  than  that 
of  any  other  mineral  and  as  it  possesses  all  its  crystallo- 
graphic  and  optic  characteristics  it  is  considered  as  being  an 
impure  variety  of  that  mineral. 

The  pink  variety  of  wollastonite  occurs  in  thin  plates 
«nd  scales.  The  color  is  apple-blossom-pink  to  pale  rose 
•color  and  is  characteristic  of  the  thin  scales  of  this  mineral. 
Some  of  this  thin  mineral  was  carefully  separated  from  the 
white  form  and  was  analyzed  by  the  Survey,  R.  N,  Brack- 
«tt,  analyst,  with  the  following  results : — 

Analysis  of  pink  wollastonite  (/) 

810,.. 50.96 

FeO 1.69 

OaO 86.72 

MnO 1.40 

MgO 0.67 

K,0 0.90 

Na,0 4.41 

H|0  (Ignition) 2.74 

Total W.^^ 
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It  is  evident  from  this  analysis  that  a  part  of  the  lime 
(CaO)  has  been  replaced  by  soda  (NajO)  and  that  a  slight 
weathering  and  a  consequent  increase  in  the  amount  of 
water  (HjO)  has  taken  place.  This  gives  the  mineral*  an  in- 
termediate position  between  woUastonite  (normal  calciam 
silicate),  xonotlite  (hydrous  normal  calcium  silicate)  and  pec- 
tolite  (hydrous  polysilicate  of  lime  and  soda).  It  might  be- 
considered  as  a  xonotlite  in  which  one-tenth  of  the  lime 
(CaO)  is  replaced  by  soda  (NsjO)  and  in  which  the  ratio  of 
the  normal  silicate  to  the  water  is  as  5  to  1  in  place  of  4  to 
1  as  in  xonotlite.  In  view  of  this  fact  the  name  natroosanot' 
lite  is  suggested  for  this  variety.  By  recalculating  this  anal- 
ysis and  grouping  the  manganesei  magnesia  and  iron  with 
the  lime  and  the  potash  with  the  soda  the  following  analy- 
sis is  obtained  and  is  placed  beside  the  theoretical  analy- 
ses of  woUastonite,  xonotlite,  pectolite  and  the  percentage 
composition  of  natroxonotlite  corresponding  to  the  formula 
5GSCa  +  /oNa^)  SiOj+aq. 

Comparison  of  analysis  of  natroxonotlite  with  theoreiieal  composi-- 
tion  and  with  xoollaMonite^  xonotlite  and  pectolite. 


CONSTITUENTS. 


SiOa  . 
CaO... 
Na.O 
H,0. 


Total 


Recalcu- 
lated Datro- 
xoDotlite. 

Natroxo- 
notlite—S 
(0.9Oa4-0.1 
Nas)  SiOa 
+  aq. 

51.65 

40.49 

5.08 

2.78 

49.91 

41.96 

5.15 

2.98 

100.00 

1 

100.00 

WoUaston- 
ite = 
CaSiO, 


51.72 
48.28 


Xonotlite 

-4Ca 
8iOt+aq 


100.00 


49.79 
46.48 

3.78 


100.00 


IVctolit»- 

HNaCaj 
Sl«0. 


64  22 

8:1.74 

9.38 

2,71 


100.00 


It  is  evident  that  this  is  an  altered  woUastonite  in  which 
soda  and  water  have  replaced  some  lime  and  not  a  pectolite 
in  which  only  part  of  the  soda  is  present,  for  the  natroxonot- 
lite is  evidently  a  normal  silicate  and  not  a  mixture  of  a 
bisilicate  with  a  polysilicate  as  pectolite  is  believed  to  be^ 
The  natroxonotlite  is  formed  by  a  decomposition  of  woUas- 
tonite while  pectolite  is  considered  a  distinct  mineral.* 


«  Mineralchemie,  Rammelaberg,  1876,  p.  881. 
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Another  interesting  occurrence  of  contact  minerals  is 
that  in  the  bed  of  the  creek  directly  west  of  the  bowling-alley 
at  Potash  Salphar  Springs.  This  contact  rock  consists  prin- 
cipally of  a  coarse-crystalline  calcite  which  penetrates  a  met- 
amorphosed shale  and  in  some  cases  presents  the  appear- 
ance of  having  a  perfect  flow  structure.  It  occurs  in  narrow 
seams  and  bands  as  well  as  in  large  masses  and  is  often  in 
direct  contact  with  the  igneous  rock.  In  other  cases  it  ap- 
pears to  pass  gradually  into  an  igneous  rock^  but  it  is  proba- 
ble that  the  latter  is  in  such  cases  only  a  highly  metamor- 
phosed sedimentary  rock. 

This  coarse-crystalline  calcite  contains  but  few  meta- 
morphic  minerals.  Pyrrhotite  (magnetic  pyrites)  has  been 
observed  in  masses  which  occasionally  reach  a  centimeter  or 
more  in  diameter.  It  is  characterized  by  its  magnetic  prop- 
ertieSy  its  bronze  color  and  its  softness  (not  over  4).  It  is 
without  crystal  form  and  is  imbedded  in  the  calcite.  It 
readily  decomposes  and  it  is  probably  from  this  mineral  that 
the  potash  sulphur  water  obtains  its  sulphuretted  hydrogen. 

In  this  same  calcite  bed  about  30m  (100  feet)  up  the 
stream  (north)  is  a  ledge  or  bed  in  which  occur  numerous 
idiomorphic  crystals  of  orthoclase.  These  range  from  1  to 
4cm  in  diameter  and  are  thick  tabular  parallel  to  the  clino- 
pinacoid  (010).  They  are  colorless  and  translucent  to  trans- 
parent and  in  many  cases  present  a  glassy  appearance.  The 
faces  which  have  been  observed  are  as  follows  : — 

ooPA)  (010),  ooPi  (130),  ooP  (110),  OP  (001),  -\-P6b  (101) 
and  Hr2Pdb  (201)  (indistinct). 

The  &ces  were  much  etched  and  roughened  so  that  no  good 
reflections  could  be  obtained,  but  the  following  angles  were 
■oeasured  by  the  writer : — 


Measured. 

Calculated.  (Dana). 

(110)  :  (IJO) 

61°  30'  80"  (poor) 

61°  12' 

(110)  :  (130) 

30    13 

29    59 

(130)  :  (010) 

29    20 

29    25 

(110)  :  (010) 

59    10   30 

59    24 

(001)  :  (010) 

89    48        (poor) 

90     0 

(001)  :  (010) 

90      1 

^     <i 
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The  cleavage  parallel  to  the  base  (001)  is  very  perfect  and 
the  cleavage-plates  show  a  mother-of-pearl  lustre.  The  cleavage 
parallel  to  the  cliuopinacoid  (010)  is  much  less  distinct  and  the 
lustre  is  below  that  of  glass.  A  third  system  of  cleavage- cracks 
appears  parallel  to  the  right  hand  prism  face  /'=(110)  but  go 
cracks  are  visible  parallel  to  the  corresponding  left  hand  face 
r-(lIO). 

The  acute  bisectrix  makes  an  angle  of  5^  with  the  base 
\001)  and  lies  in  the  obtuse  angle  /3.  A  section  at  right  angles 
to  this  bisectrix  shows  the  plane  of  the  optic  axes  at  right  angles 
to  the  symmetry-plane.  The  optic  axis  angle  was  measured  in 
sodium  light  and  gave  an  angle  of  68^. 

An  analysis  of  this  mineral  was  made  partly  by  the  writer 
und  partly  by  R.  N.  Brackett,*  chemist  of  the  Survey,  with  the 
following  result : — 

Analysis  of  orthoclase  from  Potash  Sulphur  Springs. 

810, 62.82 

AIA  (t) 19.08 

CaO .2.17 

MgO trace 

K,0 8.99 

NSaO 0.92 

H,0 0,46 

CO2 1.23 

Total 100.67 

(t)  Iticl.  a  trace  of  Fe^Oa. 

It  is  evident  from  the  amount  of  COj  present  that  some 
calcite  is  mixed  with  the  feldspar  material  and  consequently  all 
the  CO2  and  sufficient  CaO  to  form  CaCOg  (calcite)  were  de- 
ducted from  the  analysis  and  the  whole  was  again  brought  to 
100  per  cent  with  the  following  result: — 

Recalculated  analysis  of  orthoclase, 
SiO, 64.17 

AIA 19.49 

CaO 0.62 

K,0 9.19 

Na,0 6.05 

H,0 0.48 

Total 100.00 

<-  Dr.  Brackett  determined  the  alkalies. 
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The  orthocla^e  is  rich  in  soda  and  may  be  considered  as 
made  up  of  one  molecule  of  sodinm  aluminium  silicate  combined 
with  one  molecule  of  potassium  aliiminium  nilicate  for  the  Nb^O 
is  to  the  KjO  io  tbe  exact  proportion  of  1  to  1. 

The  occnrrence  of  this  potash  soda  aluminium  silicate  in  the 
limestone  shows  that  alkalips  are  present  in  that  rock  and  it  may 
be  that  it  is  this  and  not  the  eleolite  syeuite  that  furnishes  the 
alkalies  which  are  contaiaed  in  the  potash  sulphur  water. 

IV.      POTASH   SULPHUR   WATEB. 

The  water  which  has  given  the  reputation  to  the  Potash 
Sulphur  Springs  exudes  trum  tbe  calcitic  rock  in  the  bed  of  tbe 
creeb  and  is  collected  in  large  drain-pipes  iiuhedded  vertically* 
in  the  rock.  The  water  rises  in  these  pipes  and  is  dipped  out 
from  tbe  top  as  it  it  required.  Tbe  strength  of  the  water  is  said 
'  to  vary  with  the  quantity  that  flows  from  tbe  spring.  If  the 
pipe  be  emptied  and  allowed  to  fill  again  the  water  is  much  more 
highly  charged  with  sulphuretted  hydrogen  than  it  is  if  it  re- 
mains some  time  in  the  pipe. 


Two  complete  analyses  have  been  made  uf  the  nater,  but  as 
tbey  were  not  taken  from  the  same  spring  but  little  agreement 
«to  be  expected  in  the  analyses.     (See  fig.  42.) 
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The  analyses  are  as  follows: — 

Analyses  of  water  from  Potash  Sulphur  Springs. 


C 

}ANNAWA 

Y 

CLARKE 

CONSTITUENTS 

FOUND 

FOI7HD 

Grams  to 

the 

Liter 

Grains 

to  the 

U.  S.  QalloD 

Per  cent  ^f 
total 
SoHda 

Grams  to 

the 

Uter 

Grains 

to  the 

U.S.  Gallon 

Pereestof 
toui 

60lid9 

SiOi 

0.08270 
0.88853 
0.10926 
0.05288 

Trace 
0.00264 

Trace 

Trace 
0.00686 

Trace 
0.00688 
0.29440 

1.9069 
22.6506 
6.8700 
3.0585 
Trace 
0.1541 
Trace 
Trace 
0.1958 
Trace 
0.8979 
17.1688 

8.67 
43.65 

12.28 

5.88 
Trace 

0.80 
Trace 
Trace 

0.88 
Trace 

0.77 
33.07 

0.0275 
0.2027 
0.1458  (t) 
0.C405 
None 

1.6085 
11.8194 
8.5016 
2^15 
None 

4.1s 

SO* 

30.48 

CX).  

21  89 

CI.. 

SOS 

HaS 

^AflA 

Fe 

Al „ 

MO 

0.0020(0) 

0.1166(*) 

0.80(<^> 

Ca 

0.0032 
None 
0.03(27 
0.2216 

0.1866 

None 

1.8586 

12.9214 

0.48 

Mk 

lfoii# 

K 

8.41 

Na 

88.28 

ToUl  solids 

CO2  (free) 

0.89011 
0.04401 

51.8921 
2.5660 

100.00 

0.6660 

88.8840 

100.00 

IIYPOTUBTICAL  COMBINATION 

IIYPOTH 

EnCAL  OOME 

tINATION 

KCl 

9.72 

Trace 

1.71 

63,20 

20.14 

Trace 

0.94 

0.62 

Trace 

Trace 

3.67 

0.0433 
0.0328 

2.5248 
1.9125 

6  47 

Naa 

0.08643 

Trace 

0.01520 

0.56258 

0.17931 

Trace 

0.00840 

0.00547 

Trace 

Trace 

0.03271 

5.0886 
Trace 
0.8863 
82.7979 
10.4585 
Trace 
0.4896 
0.3198 
Trace 
Trace 
1.9069 

4.89 

NaaS 

K-SO* 

Ka.80« 

0.2988 
0.2572 

17.4280 
14.9978 

44.62 

Na.CO, 

38.42 

MgCO, 

CaCO, 

0.0080 

0.4664 

1J9 

FeCOa 

MnCOa 

AUOa 

0.0020 
0.0275 

0.1166 
1.6085 

0.29 

SiO- 

4.12 

ToUl  Solids..... 
%/vrf  \iiee^...M.. ....... 

0.89010 
0.04401 

51.8921 
2.5660 

too.oo 

.................. 

0.6706 

89.0441 

100.00 

(«)  Al  is  here  calculated  as  Al.Oa    (f)  CO*  by  dllTerence. 
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The  first  analysis  was  made  for  the  Geological  Survey  of 
Arkansas  in  1887  by  C.  B.  Gannaway  who  collected  the  water 
in  October  of  that  year. 

The  second  analysis  was  made  for  the  U.  S.  Geological 
Survey  during  the  fiscal  year  1886  to  1887  by  F.  W.  Clarke^ 
chief  chemist. 

Gannaway  obtained  the  water  for  his  analyses  from  the 
spring  (No.  3,  fig.  42)  on  the  west  side  of  the  creek  while  the 
water  which  Clarke  analyzed  was  taken  from  the  '^  original  Pot" 
ash  Sulphur  Spring "  (No.  1,  fig.  42)  on  the  east  side  of  the 
creek  about  25  feet  (7.6m)  east  of  the  former. 

The  constituents  given  as  carbonates  in  the  analysis 
made  by  Gannaway  were  calculated  by  him  as  bicarbonates^ 
but  they  have  been  recalculated  as  carbonates  in  order  to 
make  the  analysis  comparable  with  that  of  Clarke. 

The  temperature  of  the  water  in  the  spring,  as  deter- 
mined by  Gannaway,  was  64°  F.  (17.7°C.)  A  faint  odor  of 
sulphuretted  hydrogen  has  observed. 

The  analysis  made  by  F.  W.  Clarke,  U.  S.  Geol.  Survey^ 
was  first  published  in  a  bulletin  *  of  the  U.  S.  Geological 
Survey.  In  this  analysis  no  attempt  was  made  to  determine 
the  HjS,  for  such  determinations  must  be  made  at  the 
spring.  Clarke  states  that  the  amount  of  water  which  he 
had  at  his  disposal  was  too  small  for  a  complete  analysis. 

R.  N.  Brackett,  chemist  of  the  Geological  Survey  of  Ar- 
kansas, determined  the  amount  of  sulphuretted  hydrogen 
{H.JS)  in  the  water  from  the  original  Potash  Sulphur  Springs 
(No.  1),  as  follows : — 

Amount  of  H28  in  Potash  Sulphur  Springs  (No.  1)  water,. 
Nov.  13,  1890. 

Grams  in  a  liter 0.00157 

Grains  in  a  U.  8.  gallon 0.0890 

Cubic  centimeters  in  a  liter 1.2 

Cubic  inches  in  a  U.  8.  gallon 0.3 

The  temperature  of  the  water  was  16®  C  (ei""  F). 

On  account  of  the  variation  in  the  amounts  of  potassium 

*  Balletin  of  Um  O«ologica1  Surrey,  No.  Sfi.    Report  of  work  done  In  the  divition  o  i 
Cbcmistrj  tnd  Pb/sics  maloly  during  the  fieoal  yeax  ^%M-*%1,'^«A\^A1i^A^^\Vift^V^V 
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and  sodium  foand  by  Gannaway  and  Clarke,  which  is  proba- 
bly due  to  the  fact  that  the  water  came  from  the  different 
springs,  Brackett  redetermined  them  in  water  from  the 
"''original  spring^'  (No.l)  with  the  following  results: — 

Potassium  and  sodium  in  Potash  Sulphur  Water. 


CONSTITUENTS 

Grams  in 
a  liter 

GraiDi  ia  a 
U.  S.  gallon 

K ^ 

Ka 

0.06024 
0.23482 

8.6122 
13.6608 

ToUl 

0.294fi6 

17.1730 

These   determinations  were  made  with   250cc  (2.1136 
gills)  of  water. 

These  values  agree  much  better  with  those  of  Clarke 
than  with  those  of  Gannaway^  a  result  to  be  expected  since 
Clarke  and  Brackett  both  analyzed  water  from  the  '^original 
spring.'^ 

On  account  of  the  want  of  similarity  in  the  amount  of  ''total 
solids''  found  by  Clark  and  Gannaway  in  the  springs  analyzed 
by  them  these  were  redetermined  at  two  different  times  by  R. 
N.  Brackett  and  the  amount  of  solid  material  in  still  a  third 
spring  (No.  2,  fig.  42)  south  of  the  "original  spring"  was  also 
determined  twice.  The  result  of  all  of  these  determinations 
are  a^  follows : — 

Solid  maUer  in  Potash  Sulphur  Springs. 


ANALYST. 

Date. 

Spring  No.  1. 

Spring  No.  2. 

Spring  No.  3. 

Grains  to 
Liter. 

Gruins  to 
U.  S.  Gal. 

Grams  to 
Liter. 

Grains  to 
U.  S.  Gal. 

Grams  to 
Liter. 

Grains  to 
U.  S.  Gal. 

F.  W.  Clarke 

1887 
Oct,  1887 
July  11,1891 
Aug.  8, 1891 

0.6706 

89.0441 

C  B.  Gaanaway... 
41.  N.  Brackett(*) 
R.  N.  Brackfttt  (f) 

0.89011 

0.5868 

0.4281 

51.8921 

1.1822 
0.8185 

66.0069 
47.4160 

0.8522 
0.8682 

49.6801 
50.0299 

81.0209 
S4.6651 

(*)  Water  collected  by  J.  H.  Means,  July  11, 1891. 

(t) Water  collected  by  C.  E.  Siebenthal  at  8  p.  m.,  Aug.  8, 1891,  after  a  week  of  heary  rain. 
Spring  No.  8  had  been  cleaned  out  during  the  morning  of  the  same  day  on  which  the  sample 
^as  taken. 
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It  is  evident  from  these  few  determiDatioDs  that  these 
springs  vary  extremely  in  strength  from  time  to  time  and  it 
would  require  a  large  number  of  observations  under  all  condi- 
tions of  weather  and  temperature  to  determine  exactly  what  the 
causes  of  the  variation  are.  The  heavy  rains  before  Aug.  3, 
1891  appear  to  have  perceptibly  weakened  springs  Nos.  1  and  3^. 
but  do  not  seem  to  have  affected  No.  2  at  all. 

The  most  that  can  be  said  for  the  analyses  given  above  is, 
therefore,  that  they  represent  the  amount  and  composition  of  the 
solid  matter  in  the  particular  springs  from  which  the  water  was 
taken  and  at  the  time  that  it  was  collected. 

V.      RELATION  OF   THE  IGNEOUS   ROCKS  TO  EACH  OTHER  AND  TO> 

THE  iSEDIMENTARY  ROCKS. 

The   relation  of  the  igneous  rock  of  the  Potash   Sulphur 
Springs   region  to   each  other  are  comparatively  simple.     The 
oldest  rocks  are  the  coarse-grained,   granitic   eleolite  syenites.. 
These  occur  in  the  form  of  large,  intrusive  masses  and  also  as 
comparatively  narrow  dikes. 

Both  the  larger  masses  and  the  dikes  *of  eleolite  sodalite 
syenite  are  bordered  by  tinguditic  bands  of  greenish  or  brownish, 
rock  which  are  distinctly  porphyritic  in  appearance.  It  would 
be  natural  to  expect  an  eleolite  porphyry  as  the  border  type  of 
this  basic  eleolite  sodalite  syenite,  but  instead  of  it  an  eleolite 
tinguaite,  very  poor  in  eleolite  appears  as  a  border  rock.  Bikes 
of  a  similar  eleolite  tinguaite  occur  in  the  sedimentary  rocks  and 
are  probably  contemporaneous  with  the  hrger  syenite  masses. 

It  is  probable  that  after  the  intrusion  of  the  eleolite  rocks 
hot  springs  formed  and  deposited  the  calcite  which  oflen  api)ears 
in  cracks  and  fissures  in  the  igneous  rock  itself.  The  apparent 
fluidal  structure  in  the  calcite  in  many  of  the  cracks  which  are 
filled  with  it  and  its  arrangement  in  bands  parallel  to  the  sides 
of  other  cracks  indicate  that  the  calcite  was  deposited  after 
the  intrusion  of  the  syenite. 

Both  the  igneous  rock  and  the  altered  sedimentary  rocks  are 
cut  by  dikes  of  monchiquite  and  it  is  therefore  evident  that  the 
latter  were  forced  into  cracks  in  the  older  rocks.  It  may  be 
that  the  metamorphism  which  has  converted  the  calcite  into  a 
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coarse-crystalline  mass  and  which  has  produced  the  feldspar  and 
other  metamorphic  minerals  which  it  contains^  is  dae  to  the 
intrusion  of  these  monchiquite  dikes. 

No  indications  of  igneous  activity  later  than  that  of  the  in- 
trusion of  the  monchiquite  dikes  have  been  observed  and  it  is 
probable  that  no  younger  rocks  exist  in  this  region. 

The  relation  of  the  igneous  to  the  sedimentary  rocks  has 
been  broached  in  the  description  of  the  metamorphosed  rocks 
(p.  348).  It  is  probable  that  the  bending  and  folding  and 
much  of  the  erosion  of  the  Paleozoic  rocks  was  completed  before 
the  igneous  rocks  were  intruded.  Much  erosion  has  taken 
place  in  this  region  since  the  igneous  rocks  were  intruded  and 
it  has  attacked  both  the  sedimentary  and  igneous  rocks. 

The  age,  occurrence  and  subsequent  history  of  these  rocks 
are  open  the  same  arguments  and  consideration  that  applied  to 
those  of  Magnet  Cove  (p.  343)  for  it  is  almost  certain  that  the 
igneous  rocks  of  this  region  are  genetically  identical  with  those 
of  that  region. 


CHAPTER  X. 

Syekitic  Dikes  and  Rocks  lying  outside  of  the  Areas 

AI4READY  described. 


I.  uEgirite  Tioguaite  Dikes. 

A.  Hot  SpriDgs  Dikes. 

B.  Homioy  Hill  Dike.« 

II.  Ash-beds  and  Detrital  Material  of  Igneous  Origin. 

A.  Batesville  Ash-bed. 

B.  Polk  County  Ash-bed. 


I.     ^:qirite  tinguaitb  dikes. 

These  isolated  syenitic  dikes  vary  much  both  in  size  and 
Btrticture,  but  they  all  appear  to  consist  of  the  same  minerals 
and  to  have  been  formed  from  similar  magmas. 

A.    Hot  Springs  Dikes. 

LoccUion. — The  most  important  of  these  both  in  point  of 
size  and  on  account  of  the  possible  bearing  that  it  may  have 
upon  the  origin  of  the  famous  Hot  Springs  of  Arkansas  is 
the  one  shown  on  map  V.  as  beginning  at  Hot  Springs* 
Creek  about  a  mile  below  the  city  of  Hot  Springs  and  run- 
ning in  a  nearly  easterly  direction  for  over  half  a  mile  and 
then  disappearing.  On  the  eastern  side  of  the  Middle  Fork 
of  Gulphaf  Creek  about  a  mile  and  a  half  from  the  end  of 
the  dike  just  mentioned,  a  similar  dike  of  rock  is  found 

*  Hoi  Spring Cre«k  appeara  to  haTo  l>eeD  the  name  originally  giten  to  it,  alihough  it  la 
now  known  as  Hot  Springs  Creek. 

t  Alao  spelled  Oulpher,  Oulfer,  Galfa  and  Golfa. 
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which  trends  in  the  same  general  direction  and  would,  if 
produced,  fall  almost  in  line  with  the  former.  It  is  probable 
that  the  two  dikes  were  made  by  the  filling  up  of  the  op- 
posite ends  of  the  same  crack,  but  whether  a  portion  con- 
necting the  two  now  detached  sections  ever  existed  is  a 
matter  of  conjecture.  It  seems  probable  that  if  it  did  it 
would  now  show  in  the  bed  of  the  West  Fork  of  Gulpha 
Creek,  but  neither  the  writer  nor  Mr.  A.  B.  Aldrich,*  a 
practical  quarryraan  and  contractor  of  Hot  Sprin^s^  was  able 
to  discover  any  trace  of  it  in  the  creek. 

Occurrence. — The  rock  of  these  dikes  as  far  down  as  they 
have  been  opened  appears  only  in  the  form  of  huge  boulders 
which  become  larger  and  more  solid  the  lower  the  openings  are 
cut.  So  far  as  is  known,  no  perfectly  solid  rock  has  been  found 
in  any  of  the  openings  along  the  higher  parts  of  the  dike, 
but  where  the  dike  cuts  the  bed  of  the  Middle  Fork  of 
Gulpha  Creek  it  appears  quite  solid  and  compact.  It  is 
probable  that  the  creek  which  has  cut  away  the  sedimentary 
rock  to  a  point  far  below  the  level  reached  in  the  lowest  pits 
on  the  hill  has  at  the  same  time  cut  the  dike  down  to  a 
point  which  the  weathering  has  not  reached. 

Previous  notices. — The  only  literature  notices  of  this  rock 
consist  of  several  newspaper  articles  written  about  the  six  or 
eight  openings  made  in  the  dike  by  Mr.  Aldrich  and  an 
indication  of  their  location  on  a  map  entitled  **Map  showing 
health  and  pleasure  resorts  of  the  Ozark  Mountains  in  and 
around  Hot  Springs,  Ark.,  by  H.  M.  Woolman,  C.  E. " 

Macroscopic  characteristics. — The  rock  of  the  dikes  pre- 
sent a  bluish  or  greenish  gray  color  and  is  variable  in  struct- 
ure. In  some  parts  it  is  macroscopically  coarse-grained  and 
trachytic  in  its  appearance  while  in  other  places  it  is  fine- 
grained and  porphyritic  in  structure  showing  here  and  there 
large  phenocrysts  of  feldspar.  Like  all  the  other  grayish 
crystalline   rocks  it  is  commonly   known  by  the  name  of 

<»  The  Survey  is  much  indebted  to  Mr.  Aldrich  for  many  valuable  BOggestiont  rccaid* 
iiig  these  syenite  dikee  as  well  as  for.  his  kindness  in  accompanying  the  writer  in  tracing  them 
out  and  in  searching  for  new  ones. 
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granite  although  it  in  truth  possesses  very  little  likeness  to 
a  typical  granite.  It  has  been  extensively  used  in  Hot 
Springs  for  curbing,  paving  and  foundation  material. 

Microscopic  characteristics, — This  rock  is  seen  to  be  a 
porphyritic  mixture  of  glassy  feldspar  (sanidine)  and  pyrox- 
ene, with  a  few  small  crystals  of  magnetite  and  titaoite. 

Feldspar  (sanidine)  occurs  in  two  generations.  The 
crystals  of  the  older  generation  form  large  phenocrysts 
(1.5  to  2.0cm)  in  a  fine-grained  groundmass  of  feldspar  and 
pyroxene.  These  crystals  are  tabular  parallel  to  the  clino- 
pinacoid  (010)  and  are  about  five  times  as  long  as  they  are  ' 
wide.  They  are  glassy  and  present  externally  in  every  re- 
spect the  appearance  of  sanidine.  They  are  comparatively 
free  from  gaseous  or  solid  inclusions. 

The  angle  of  extinction,  .orientation  etc.,  is  as  UBual  in 
sanidine.  The  plane  of  the  optic  axes  usually  lies  parallel  to 
the  symmetry-plane  (010)  but  in  a  few  cases  it  has  been  ob- 
served at  right  angles  to  this.  In  neither  case  does  the  optic 
axis  angle  exceed  15^.  The  crystals  are  therefore  sanidiuQ 
and  not  orthoclase. 

The  feldspar  of  the  younger  generation  consists  of  aU 
lotriomorphic  crystals  which  with  the  pyroxene  form  the 
groundmass  in  which  the  crystals  of  the  first  generation  are 
imbedded.  The  feldspar  of  the  groundmass  is  usually  fresh 
and  transparent  and  like  the  phenocrysts  belong  to  the 
variety  sanidine.  It  some  cases  it  has  been  somewhat  de- 
composed and  shows  kaolinization  and  the  formation  of 
calcite. 

The  pyroxene  consists  principally  of  slender,  light  green 
prismatic  crystals  which  are  somewhat  pleochroitic  and  have 
a  small  angle  of  extinction.  These  are  cegirite.  Besides  these, 
thicker,  larger  crystals  of  pyroxene  occur  which  are  of  a 
lighter  green  color  and  often  show  a  tinge  of  violet.  The 
pleochroism  in  these  is  hardly  detectable.  The  angle  of  ex- 
tinction is  in  the  neighborhood  of  40^    These  crystals  are 

24  Geological;  Vol.  ii.,  1890. 
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probably  either  diopaide  or  some  variety  of  pyroxene  closely 
allied  to  it. 

Amphibole  and  biotite  have  not  been  observed. 

EUolite  or  nephdine  has  not  been  observed. 

JfagnetiU,  tUanite  and  apaJtite  occur  in  small  idiomorphic 
crystals,  but  are  generally  quite  scarce. 

A  chemical  analysis  of  this  rock  ^as  made  by  the  Sur- 
vey^ W.  A,  Noyes^  analyst,  and  the  results  of  the  analysis  (i) 
are  given  in  the  following  table  and  are  compared  with  those 
ofan  analysis  (ii)  of  segirintinguait  from  Norway. 

Analyses  of  cegirite  iingudite. 


,NTS. 

1. 

.11 

CONSTITUE 

^flglrife  tlnguaite, 
Arkinsu. 

JE^irintinguiit, 
Norway. 

SIO, 

TiO, 

•  ••••••M 

54.07 
0.15 

21.67 
3.55 

56.58 

Al.Oj 

19.89 

FpiOs 

3.18 

FeC) 

0.56 

MnO i 

0.47 

CaO 



0.36 

0.36 

4.76 

8.91 

5.44 

1.10 

0.13 

KaO 

5.43 

Na,0 

10.72 

TimitioD — 

1.77 

Total.... 

99.27 

99.88 

I.  iEgirite  tingu&ite  dike  1  mile  (l.6km)  south  of  Hot  Springsf 
Arkansas ;  analysis  by  W.  A.  Noyes. 

II.  ^Eglrintlnguait,  Asbjbrnsrod,  Hedrum,  Norway;  analysis 
by  G.  Paijkull  (Syenitpegmatitgange,  p.  41). 

The  analysis  of  the  rock  from  Arkansas  shows  by  the 
high  percentage  of  soda  (NagO)  that  an  eleolitic  rock  might 
have  resulted  had  the  conditions  under  which  it  was  intruded 
been  right  for  such  a  formation.  It  is  probable  that  the 
feldspar  is  rich  in  soda  (NajO)  and  as  the  segirite  contains 
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from  8  to  12  per  cent  of  this  substance  the  comparatively 
Ligh  percentage  of  soda  (NajO)  in  the  analysis  is  easily  ac- 
i^ounted  for. 

The  rock  might  be  called  an  egirite  syenite  dike  rock  or 
an  segirite  tingadite  and  either  name  would  express  some 
quality  of  the  rock  which  the  other  does  not  bring  out^  but 
the  name  segirite  tinguaite  has  been  adopted  to  designate  the 
rock  of  this  dike. 

It  should  be  stated  that  the  rock  of  this  dike  is  not 
uniform  throughout  its  whole  width,  but  is  much  more 
porphyritic  or  tinguaitic  near  the  contact  with  the  sediment- 
ary  rock  than  it  is  in  the  center.  Where  the  rock  comes  in 
-direct  contact  with  the  shale,  as  it  is  seen  to  do  in  the  old 
quarry  on  the  east  side  of  Hot  Springs  Creek,  the  igneous 
rock  becomes  a  fine-grained  tinguaite  and  the  sedimentary 
rock  resembles  it  so  closely  that  even  under  the  microscope 
it  is  a  difficult  matter  to  determine  which  is  of  igneous  and 
which  of  sedimentary  origin. 

The  contact  between  the  two  rocks  can  in  most  cases  be 
determined  from  the  fact  that  the  two  rocks  separate  easily 
from  each  other  along  that  plane  while  in  other  directions 
they  are  tough  and  hard  to  break. 

The  tingudite  dike  contains  numerous  inclusions  of  the 
sedimentary  rock  which  have  been  so  highly  metamorphosed 
that  they  have  entirely  lost  their  sedimentary  character  and 
resemble  fine-grained  igneous  rocks. 

Several  other  dikes  and  masses  of  somewhat  similar  rock 
occur  in  the  neighborhood,  as  for  example,  in  3  S.,  18  W., 
sec.  6,  S.  E.  corner  (map  V,  dike  31),  3  S.,  18  W.,  sec.  23, 
W.  half  (map  I  dike  47)  and  3  8.,  18  W.,  sees.  25  and  26 
(map  I  dike  48).  In  most  cases  these  rocks  are  more  typically 
tinguiiitic  than  that  just  described  and  as  they  approach 
Magnet  Cove  they  become  identical  with  those  already 
described  from  that  region  (p.  201). 

B.    Hominy  Hill  Dike. 

At  Hominy  Hill,  General  Garland's  place,  1  N.,  14  W., 
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Bection  27,  (see  map  I.,  dike  6)  the  State  Geologist  foand 
a  dike  of  syenitic  rock  whose  existence  was  indicated  only 
by  loose  boulders.  These  appeared  to  cover  a  width  of  about 
250-325  feet  (75  to  lOOm)  and  extend  in  an  east  and  west 
direction  for  several  hundred  yards.  The  dike  is  situated 
325  feet  (100m)  north  of  Gen.  Garland's  house  and  crosses, 
the  Litte  Kock  and  Hominy  Hill  road  850  feet  (250m) 
northeast  of  the  house;  it  is  surrounded  by  siliceous  shales  of 
Lower  Silurian  age  which  strike  about  N.  45^  E.  and  contain 
the  quartz  veins  which  are  so  commonly  found  in  these- 
rocks. 

The  rock  from  Hominy  Hill  presents  a  very  similar  micro- 
scopic appearance  to  the  syenitic  dike  rock  from  near  Hot 
Springs  and  is  like  that  to  be  considered  as  a  form  of  tinguaite.. 
It  has  a  somewhat  more  decided  green  tinge  in  the  gray  color 
and  is  more  uniformly  fine-grained  in  structure.  Numerous- 
small  crystals  of  feldspar  are  visible  which  seldom  if  ever  exceed 
2.5mm  in  length. 

Under  the  microscope  the  rock  is  seen  to  be  a  fine-grained 
mixture  of  orthoclase^  plagioclase  and  pyroxene^  which  latter  is- 
in  many  cases  replaced  by  its  decomposition  products. 

Orthoclase  is  in  long  narrow  crystals  which  are  usually  very 
much  decomposed. 

Plagioclase  is  also  present,  but  to  a  subordinate  degree  only. 

Pyroxene  has  been  to  a  great  extent  decomposed,  but  the 
fragments  which  remain  are  of  a  pinkish  color  and  indicate  that 
it  was  originally  titaniferous.  It  is  probable  that  it  is  diopside 
and  that  the  segirite  which  may  have  formally  existed  in  the  rock 
has  all  been  destroyed. 

The  rock  has  decomposed  in  such  a  way  that  long,  colorless 
needles  of  high  refractive  power  and  a  small  angle  of  extinction 
have  formed  in  it.  Although  no  cleavage  could  be  observed' 
except  that  parallel  to  the  vertical  axis  of  the  crystal,  the  small 
extinction  angle — not  over  5° — and  other  considerations  make  it 
probable  that  the  mineral  is  some  colorless  form  of  amphibole. 

A  great  part  of  the  rock   is  occupied  by  a  green  ohlorUuy 
substance  which  gives  the  greenish  color  to  the  rock.     Under 
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the  microscope  it  appears  of  the  same  li^ht  green  color  and  be- 
t;ween  crossed  nicols  it  is  almost  isotropic.  By  revolving  the 
^tage  a  slight  variation  between  black  and  dark  bluish  gray  is 
observed.  By  means  of  a  selenite  plate  this  slight  differentiation 
is  increased  quite  perceptibly. 

OaleUe  and  other  decomposition  products  are  very  common^ 
«nd  on  the  whole  the  rock  is  so  badly  decomposed  that  little  or 
nothing  can  be  made  out  of  it,  except  that  in  a  general  way  it 
^belongs  to  the  syenite  (tinguaite)  group. 

A  dike  which  is  probably  similar  to  the  one  just  described 
•is  mentioned  by  Owen  *  in  the  following  words : — 

'*0n  Lindsay's  branch  of  the  south  fork  of  the  Saline^  near 
J^rs.  Richardson's,  granite  was  found  in  loose  fragments."  The 
writer  has  been  unable  to  find  this  locality  but  it  is  probable 
that  there  would  be  but  little  additional  information  to  be  gain- 
-ed  on  the  subject,  for  Owen  appears  to  have  made  a  diligent 
search  for  the  rock  in  place. 

Other  dikes  of  a  somewhat  similar  character  are  described 
in  the  general  table  in  chapter  XIII. 

11.      ASH-BEDS   AND   DETRIAL  MATERITAL  OF  IGNEOUS  OBIOIN.f 

In  several  parts  of  the  state  beds  of  igneous  material  occur 
linterbedded  with  the  Paleozoic  rocks. 

A.    B&tesville  Asb-bed. 

One  of  the  most  important  and  conspicuous  of  these  beds 
-occurs  in  the  Batesville  manganese  region^  and  is  best  exposed 
^t  the  Meeker  place,  township  14  N.,  range  7  W.,  section  8,  in 
the  south  half.  It  was  first  observed  by  Dr.  Penrose  and  its 
description  taken  directly  from  his  report  is  as  follows  : — ''The 
^contact  bed  is  seen  in  place  and  varies  from  6  to  15  inches  in 
thickness,  is  a  compact,  bluish-green,  earthy  rock.  It  contains 
small  siliceous  nodules,  an  eighth  of  an  inch  to  one  inch  in  diam- 

*  Second  Report  of  a  Geoloirical  Beoonnoissanoe  of  Arkansas,  196O,  p.  106. 

t  rheee  depoeitt  are  not  represented  on  the  maps  because  thej  hare  not  as  jret  been 
^r4ced  out  in  detail,  and  to  Indicate  the  few  places  where  th«7  bare  been  observed  would  be 
mon  nlaleadlng  than  to  omit  them  altogether. 

I  For  further  details  concerning  this  region  see  the  description  bj  R.  A.  F.  Penrose, 
•Jr.i  in  the  Annual  Report  ot  the  Geological  Surrej  of  Arlutaias  (or  18M,  \q\.  l.^  v*^'^^ 
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et«r,  aad  small  cryslals  of  iron  pyrites.  White  specks,  a  six- 
teenth of  ao  inch  and  smaller  are  scattered  throagh  it.  Tiie 
material  is  slightly  calcareous  and  weathers  into  a  browD  or  buB- 
colored  mass,  maoh  softer  than  the  original  rook.  Its  re)atioD& 
to  the  overlying  and  underlying  formations  are  shown  in  the- 
accompsnying  section.  The  residual  clay  in  the  section  is  th& 
product  of  decompoaitioo,  in  situ,  of  the  8t.  Clair  limestone. 


Fig.  24.    BtttUm  lAncJnn  IK 
and  iA(  Soent  thtri  ti  iht  Iftditrplate  luar  Sal4n1Ut,  t 

"Dr.  J,  E.  Wolff,  of  Harvard  University,  has  very  hiadly 
ezamioed  under  the  microscope  a  slide  made  from  a  sample  of 
this  material  collected  by  the  Survey  and  has  found  evidence 
pointing  to  the  possibility  of  its  being  composed  partly  of  vol- 
canic ash,  thongh,  as  he  suggests,  further  laboratory  work  will  be- 
required  to  determine  the  matter  definitely.  He  describes  the 
section  as  composed  of  rather  angular,  small,  clastic  grains  of 
quartz  and  of  fragments  of  trincHnic  feldspar,  oflen  much  bent 
and  rounded,  and  sometimes  angular;  together  with  deep  brown,, 
homogeneous  grains  which  are  partially  transparent,  bqt  com- 
pletely isotropic  in  polarized  light.  The  latter  show  no  signs, 
of  cleavage  or  crystal  structure,  and  look  like  possible  fragments 
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of  a  ferruginous  basaltio  glass.    The  clastic  grains  are  separated 
by  thin  films  of  a  green  chloritic  substance. 

^'Lack  of  time  has  not  yet  permitted  a  further  investigation 
of  this  subject,  but  should  this  deposit,  representing  as  it  does 
the  parting  between  the  Silurian  and  Carboniferous  terranes^ 
prove  to  be  an  ash  bed,  it  will  throw  additional  light  on  the 
series  of  phenomena  which  took  place  in  the  .  interval  between 
those  ages.  That  the  deposit  is  not  of  this  nature  everywhere 
in  the  region  is  shown  by  the  fact  that  in  many  places,  even  in 
the  neighborhood  of  the  Meeker  locality,  it  consists  of  what 
seems  to  be  a  common  sedimentary  sandstone  though  in  some 
places  the  grains  composing  it  show  a  very  remarkable  globular 
form. 

**Dr.  J.  C.  Branner,  State  Geologist,  had  already  suggested, 
from  his  examination  in  the  field  previous  to  the  discovery  of  the 
above  mentioned  locality,  that  the  parting  between  the  Silurian 
and  Carboniferous  in  northern  Arkansas  might  contain  eruptive 
debris,    *     *     *^ 

The  writer  has  never  visited  the  locality  described  above^ 
but  the  thin  section  which  was  studied  by  Dr.  Wolff  is  in  his 
hands  and  he  can  add  nothing  to  the  latter's  description  of  the 
rock.  No  opportunity  for  studying  the  rock  chemically  or  for 
making  separations  by  means  of  heavy  liquids  has  presented 
itself  and  until  such  an  investigation  has  been  made  no  addi- 
tional light  can  be  thrown  upon  the  origin  or  character  of  the 
deposit. 

B.    Polk  County  Ash-bed. 

In  southwestern  Arkansas  between  the  Indian  Territory 
border  and  the  upper  waters  of  the  Little  Missouri  river  a  series 
of  outcrops  of  rock  containing  much  detrital  igneous  material 
occurs.  These  beds  were  first  observed  and  noted  by  Mr.  J» 
Perrin  Smith  of  the  Survey  and  were  afterwards  examined  by 
Dr.  R.  A.  F.  Penrose,  Jr.  The  writer  has  never  seen  the  rocks 
in  place  and  has  studied  them  only  in  hand  specimens  and  thin 
sections.  Smith  reports  them  in  township  5  S.,  range  32  W.^ 
Section  1,  southeast  quarter  of  northwest   quarter,  as  forming  a 
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low  ridgei  dipping  steeply  to  the  north  and  striking  due  east  and 
west.  They  are  interbedded  with  sandstones  and  shales  follow- 
ing these  in  all  their  folds.  Weathering  has  been  very  active 
with  these  beds  and  in  most  cases  the  rock  appears  only  in  the 
form  of  boulders  from  which  little  or  nothing  could  be  learned 
concerning  its  mode  of  occurrence.  Penrose  thinks  that  in 
some  cases  the  beds  may  be  as  much  as  twenty  or  thirty  feet 
(6.1  to  9.1  meters)  in  thickness. 


CHAPTER  XI. 

Distribution  and  Petrooraphic  Character  of  the  Igneous 

Rocks  prom  Pike  County. 


I.  DIstributioD. 

II.  Petrographio  and  Chemical  Cbaraoteristics. 

III.  CoDiparisoB  with  other  Peridotites. 

IV.  Relations  of  the  Igneous  Roclce  to  the  adjacent   Sedimentary 

Rocks. 


I.  distribution. 


In  Pike  county  there  occurs  a  small  area  of  basic  igne- 
ous rock*  which  has  been  so  thoroughly  studied  and 
described  f  by  the  State  Geologist  and  Dr.  R.  N,  Brack- 
et!^ chemist  of  the  Survey,  that  little  has  been  left 
for  the  writer  to  do,  beyond  copying  the  greater 
part  of  their  work  directly  with  such  additions  and  changes 
as  are  necessary  to  make  their  article  correspond  with  the 
other  portions  of  this  report  and  to  bring  it  up  to  the 
present  date. 

Previous  notices — The  first  mention  of  this  region  was 
made  in  a  vague  way  by  W.  Byrd  PowellJ  in  1842,  who  con- 
nected it  genetically  with  the  Fourche  Mountain,  Saline 
County,  and  Magnet  Cove  igneous  areas. 

*  Tbia  is  tbown  on  map  VI. 

t  The  peridotlte  of  Pike  Count/,  Arlcan8as;b7  John  C.  Bnnnor  and  R.  N.  Braclcett 
Au.  Joar.  Set.,  Series  3,  Vol.  XXXVIII.,  1889,  p.  50.  With  map  which  Is  reproduced  as  map 
VI.  of  this  report. 

X  A  Geological  Report  upon  the  Fourche  C>>Te,  etc.,  bj  W.  Byrd  Powell,  li.  D.,  1842, 
p.  C,  foot  note. 
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It  was  then  referred  to  by  C.  U.  Shepard*  in  1846,  and 
a  hand  specimen  of  the  rock  which  was  sent  to  him  by  th& 
Rev.  E.  R.  Beadle  was  described  in  the  following  words : — 

''From  the  same  region  (viz:  Little  Missouri,  Pike 
County)  section  27,  8  8.,  25  W.  A  trachytic  porphyry.  It 
has  the  dry,  harsh  feel,  and  emits  the  peculiar  odor  (when 
moistened)  of  the  European  trachytes.  It  is  said  by  Mr.. 
Beadle  to  be  as  recent  as  the  Tertiary." 

It  was  next  mentioned  by  D.  D.  Owen  in  his  ''  Second 
Geological  Report'^f  .^^^  was  not  studied  by  him  in  detail,  and 
the  rock  is  simply  spoken  of  by  him  as  a  ''porphyritic  green* 
stone"  and  a  "  trachytic  rock. "  Since  Owen's  time  until  the 
inauguration  of  the  present  survey  of  the  state  no  one  seem& 
to  have  made  any  observations  upon  it.  Some  of  the  geologic 
maps  of  the  United  States,  that  have,  from  time  to  time, 
been  published  indicate  in  this  place  a  large  Archean  area.. 

In  1889  Dr.  J.  C.  Bran ner,  State  Geologist  and  Dr.  R.  N.. 
Brackett,  chemist  of  the  Survey,  published  the  paper  entitled 
''The  Peridotite  of  Pike  County,  Arkansas,^'  referred  to  above^ 
and  in  it  Dr.  Branner  describes  the  occurrence  and  distribu- 
tion of  the  rock  as  follows: — 

Occurrence — "  Two  and  one  half  miles  southeast  of  Mur- 
freesboro,  in  Pike  County,  Arkansas,  is  a  small  exposure  of 
peridotite  whose  position  and  topographic  features  are  shown 
in  detail  upon  the  accompanying  map4  The  entire  exposure  ia 
about  2400  feet  long  by  1600  feet  wide,  and  lies  upon  the 
middle  of  the  line  between  sections  21  and  28  of  township  8 
south,  range  25  west. 

'' From  a  geological  standpoint  this  exposure  is  an  im- 
portant one,  for,  small  as  it  is,  it  ofiers  a  suggestion  regard*^ 
ing  the  time  and  character  of  the  disturbing  influences, 
which,  about  the  close  of  the  Cretaceous,  sank  the  greater 
part  of  Arkansas  as  well  as  the  large  Tertiary-covered  por- 
tions of  the  neighboring  states  beneath  the  ocean. 

Distribution  and  general  characteristics  of  the  rock. — "With 

«  Am.  Jour.  Scl.  Series  2,  Vol.  II.,  1846,  p.  258,  foot  note. 

t  Second  Report  of  ft  Geological  Reconnotssanoe  of  Arkansas  by  D.  D.  Owes,  1860,  p.  82^ 

t  This  is  map  VI  of  this  report. 
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the  acoompanying  map  and  dection  before  the  reader^  it  will  not 
be  neceasaiy  to  give  a  detailed  description  of  the  locality.  The 
rock  presents  no  great  variety  in  lithologic  characters,  and  the 
specimens  examined  microscopically  by  Dr.  Brackett,  and 
described  by  him  in  the  second  part  of  this  paper  fairly 
represent  them,  except  that  in  many  places  through  the  general 
mass  it  contains  a  good  many  angular  and  sub-angular  inclusions 
of  crystalline  rock,  which  are  especially  noticeable  wherever  the 
rock  is  deeply  decomposed,  and  that  one  small  dike  coming  up 
through  the  Mesozoic  beds  contains  a  vast  quantity  of  fragments 
of  Paleozoic  sandstone  and  shale  and  of  a  soft  sandstone  and 
quartz  pebbles  from  the  Mesozoic.  Only  in  the  three  hills 
shown  upon  the  map,  and  one  very  small  dike  is  the  rock  found 
solidi  disintegration  having  gone  so  far  in  the  lower  grounds 
that  it  there  occurs  only  in  the  form  of  a  soft  earthy  wacke^ 
which  washes  very  rapidly  into  deep  gullies.  This  earth  where 
freshest  and  unmixed  with  organic  matter,  presents  many  beau- 
tiful shades  of  green,  brown,  red,  and  gray  colors.  At  one 
point  a  tlike  is  uncovered  in  one  of  these  gullies.  This  dike  is 
about  six  feet  wide,  runs  east- west,  and  in  place  of  the  olive- 
green  color  so  characteristic  of  the  general  mass,  it  is  of  a  beau- 
tiful bright  blue  color.  It  is  so  deeply  decomposed  that  no 
solid  specimens  could  be  had  from  it.  On  the  summit  and  sidea 
}f  the  central  hill  the  rock  mass  is  broken  into  large  blocks^ 
t?hich,  by  concentric  disintegration  and  exfoliation,  arc  left  in 
:he  form  of  boulders  of  various  sizes. 

'^If  the  overlying  Post-tertiary  and  Quaternary  debris  could 
)e  removed  in  the  immediate  vicinity  of  this  exposure,  it  is 
>robable  that  the  area  of  igneous  rocks,  as  shown  upon  the  ac 
^ompanying  m'ap,  would  be  somewhat  enlarged,  at  least  by 
lisclosing  dikes  radiating  from  the  central  mass.  There  is  no 
*ea8on  for  supposing  however,  that  that  the  Post-tertiary 
>bscures  any  great  area  of  peridotite.  There  are  no  exposures  of 
t  in  Prairie  creek,  except  a  single  small  dike  not  more  than 
en  inches  wide  and  about  fifty  feet  long,  while  a  deep  gulley 
m  the  north  side  of  the  outburst  (Poor  House  branch  on  the 
nap),  shows  no  exposures.    East  of  the  exposure  at  the  house 
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of  Mr.  McBrayer  (shown  upon  the  accompanying  map),  a  well 

recently  dug  to  a   depth  of  i62   feet   penetrated  only  the  clay, 

cobblestones  and  soft  calcareous  beds,  such  as  characterize  the 

Post -tertiary  and  lower  Cretaceous  in  this  region. 

The  following  is  the  section  of  Mr.  McBrayer's  well : — 

l(y  Clays Quaternary  and  recent. 

l(y  Cobbles  and  pebbles.  .Post-tertiary. 

142'  Soft  arenaceous  clays  "j 

and   calcareous   beds  >  Lower  Cretaceous  ('^Trinity" 
variously  colored.       j      of  Hill). 

^'These  facts  appear  to  indicate  that  the  outburst  was  con- 

tiued  to  this  very   circumscribed  area,  there  being  no  eastward 

extension  of  it  at  the  depth   reached  in  McBrayer's  well — 162 

feet    below    the  level   of  his   house — and   but    one    westward 

exposure  uncovered  at  the  mouth  of  Prairie  creek." 

II.      PETBOGBAPHIC  AND  CHEMICAL  CHABACTEBI8TI08. 

Brackett  describes  the  petrographic  characteristics  of  the 
rock  as  follows : — 

^'The  specimen  of  eruptive  rock  from  the  middle  hill  shown 
in  the  map,  consists  in  the  main,  of  a  dark  colored  somewhat 
green,  heavy  rock  having  a  porphyritic  structure,  and  specific 
gravity  of  2.728  to  2.651.  Examined  microscopically  it  is  seen 
to  be  made  up  of  black  grains,  some  slightly  yellow  and  having 
glistening  surfaces,  imbedded  in  a  dark  green  to  brownish-green 
groundmass.  The  material  from  the  base  of  the  northeastern 
hill,  is  a  brown,  much  decomposed  rock,  with  a  more  distinctly 
porphyritic  structure  due  to  the  decomposition  of  the  black  to 
yellow  grains,  and  of  the  groundmass  to  a  decided  brown, 
against  which  the  yellow  grains  stand  out  sharply.  The  specific 
gravity  of  this  rock  is  2,317.  Through  it  extends  a  vein  of 
white  barite  about  four  inches  in  thickness. 

^'In  contact  with  the  barite  vein  are  veins  of  serpentine 
formed  by  the  decomposition  of  the  rock.  In  immediate  contact 
with  the  barite  the  serpentine  vein  is  white,  but  shades  through 
^  light  green  into  the  brown  rock. 

^'A  microscopic  study  of  thin  sections  prepared  from  speci- 


PIKB  COUNTY  REGION  —  PETROORAPHIC  DESCRIPTION.  381 

mens  from  the  first  exposure  mentionedy  reveals  a  rock  of  true 
porphyritic  structure,  consisting  of  crystals  and  grains  of  more 
or  less  decomposed,  colorless  olivine  and  some  irregular  patches 
of  a  yellow  to  brownish-yellow  mica  imbedded  in  a  quite  uni- 
form, fine-grained  groundmass  made  up  of  colorless  little  lath- 
shaped  crystals,  yellow  grains,  black  grains  and  a  yellowish  base. 

'The  olivine  crystals  and  grains  are  decomposed  in  the 
usual  well  known  way,  being  cracked  and  changed  to  serpentine 
along  the  cracks.  Few  or  none  of  the  olivines  are  entirely  un- 
changed, though  there  are  many  fresh  cores  aAd  almost  entire 
grains  and  crystals  remaining.  Where  no  olivine  is  left  the^ 
outlines  of  the  former  olivine  crystals  are  often  vi^ell  preserved. 
In  such  cases  the  olivines  are  entirely  changed  to  serpentine,  of 
both  yellow  and  light  green  color  and  to  carbonates,  and 
hydroxide  of  iron,  to  which  last  the  reddish  stain  of  many  is 
due.  Many  of  the  decomposed  olivines  contain  also  ''trichites,''* 
slender,  black,  hairlike  bodies  which  occur  singly  and  in 
bunches.     These  "trichites''  are  probably  magnetite. 

'The  yellow  mica  is  grown  through  with  little  colorless, 
lath-shaped  crystals  like  those  in  the  groundmass.  It  has  a  weak 
pleoohroism;  0=orange  or  faintly  reddish.  J5=yellow.*  In 
some  cases  the  patches  of  mica  are  of  a  darker  color  and  have  a 
stronger  pleochroism;  0=brown;  JS=light  brown,  almost  yellow. 

''The  colorless  lath-shaped  crystals  that  make  up  a  large 
portion  of  the  groundmass  and  penetrate  the  patches  of  mica,, 
have  an  extinction  angle  as  high  as  45^,  and  many  of  them  give 
lively  polarization  colors.  From  their  association,  appearance, 
optical  behavior  and  close  resemblance  to  similar  crystals  found 
in  the  groundmass  of  the  Syracuse  serpentine  (to  be  referred  to 
later),  they  are  probably  augite.  They  were  so  considered  by 
Dr.  G.  H.  Williams  who  has  kindly  examined  a  section  of  this 
rock. 

''The  yellow  grains  are  scattered  all  through  the  ground- 
mass,  and  are  next  in  importance  to  the  augites,  and  like  them 
are  an  original  constituent  of  the  rock.     They  are  highly  refract- 

«  DttermiDed  by  Dr.  G.  H.  WillUunfl,  Johna  Hopkina  UniTeraitj.  To  Dr.  WillUma 
tbaokt  are  alao  due  for  kiodDeia  in  examiniDg  a  leetlon  of  thia  rook,  and  for  a  tpeclmen  of  the. 
9jraeaae  aerpentiDe. 
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iDg,  and  stand  out  well  in  the  slide.  In  color  they  range  from 
colorless  through  yellow  to  yellowish-brown.  In  form,  some 
appear  as  irregular  grains,  others  are  diamond-shaped  or  square. 
They  occur  singly  or  grown  together  in  groups.  Very  many 
have  crystalline  planes  and  few  or  none  of  them  are  quite 
isotropic.  They  resemble  very  closely  the  yellow  grains  describ- 
ed by  G.  H.  Williams  *  as  occurring  in  the  serpentine 
(peridottte)  from  Syracuse,  New  York,  which  he  found  by  actual 
separation  and  analysis  to  be  perofskite.  J.  S.  Diller  f  descri- 
bed yellow  grains  in  the  peridotite  from  Elliott  county,  Ken- 
tucky, which  they  resemble,  perhaps,  more  closely  than  they  do 
those  described  by  G.  H.  Williams*  Diller  at  first  took  these 
to  be  analase*,  but  a  subsequent  separation  and  analysis  showed 
them  to  be  perofskite  also.  An  unsuccessful  attempt  was  made 
by  the  writer  to  separate  the  yellow  grains  by  the  method  of 
Stelzner  X  as  recommended  by  G.  H.  Williams  in  his  paper  on 
Syracuse  serpentine.  But  the  identity  in  appearance  of  the  yel- 
low grains  in  the  Pike  county  rock  with  those  in  the  Kentucky 
peridotite  which  Diller  found  to  be  perofskite  after  this  attempt- 
ed separation  was  made,  coupled  with  the  fact  that  by  Gooch's 
method  §  0.89  per  cent  of  TiO,  was  found  in  the  rock,  made  it 
so  probable  that  the  mineral  was  perofskite,  that  no  farther 
attempt  at  separation  was  made.  The  presence  of  perofskite 
here  is  interesting  as  being  the  third  instance  of  its  occurrence 
as  a  constituent  of  any  American  rock,  the  first  instance  being 
that  reported  by  G.  H.  Williams  in  the  Syracuse  serpentine,  the 
second  that  by  J.  S.  Diller,  in  the  peridotite  from  Elliot  county, 
Kentucky.  It  is  also  interesting  as  occurring  in  the  same  type 
of  rock  as  will  be  mentioned  later. 

'^  The  black  graius  scattered  in  not  inconsiderable  quantity 
through  the  ground  mass,  are  believed  to  be  magnetite.  The 
yellow  base  '  looks  as  though  it  had  been  a  glass  once  and  some 
of  it  is  still  isotropic,  though  most  of  it  polar]zes.'||  A  consid- 
erable amount  of  it  is  still  isotropic  and  was  found  in  other  sec- 

«  An.  Jour.  Sci.  Iferiea  3,  Vol.  XXXIV.,  1887  pp.  140-142. 
t  Bulletin  of  U.  S.  Geological  Surrey,  No.  88,  1886,  p.  18. 
X  N.  Jahrb.  f.  Mineral.  Beilage.  Bd.  II.,  p.  892. 
i;,Araerican  Chemical  Journal,  Vol.  VII.,  p.  283. 
H  Dr.  G.  H.  Williams'  description  of  this  specimen. 
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tions.  From  its  mineral  composition  and  structure,  then  this 
rock  belongs  to  the  family  of  peridotites,  and  to  the  new  type  of 
picrite  porphyry  or  'kimberlite'  of  H.  Carvill  Lewis."* 

A  complete  chemical  analysis  made  by  the  Survey^  R«  N. 
Bracketty  analyst,  gave  the  following  composition: — 

Analysis  of  peridotUe. 

SiOa 38.78 

TiO, 0.89 

AlA 6.85 

FeA 8.83 

FeO 1.99 

CaO 3.88 

MgO 26.34 

K,0 2.56 

Na,0 0.78 

CO, 0.14 

Loss  on  ignition  7.85 

H.Oat  100°  C 1.95 

Total. 100.84 

Brackett  then  adds  the  following  description  of  the  brown 
rock  exposed  near  the  picrite  porphyry: — 

*^  The  brown  rock,  of  which  there  is  an  exposure  not  far 
from  the  picrite  porphyry  just  described,  shows  in  thin  sections 
a  similar  prophyritic  structure.  But  here  all  the  olivines  are 
changed  to  serpentine,  carbonates  and  hydroxide  of  iron.  The 
outlines  of  the  olivine  and  the  structure  of  the  rock  are  geur 
orally  well  preserved,  although  no  fresh  olivine  remains.  A  great 
many  patches  of  mica,  partially  grown  through  with  colorless, 
little  augite  crystals  are  present,  and  perofskite  is  abundant.  The 
most  striking  characteristic  of  the  rock  is  the  almost  total 
absence  of  augite  in  the  groundmass.  This  absence  of  augite  is 
rendered  still  more  striking  by  the  fact  that  in  the  Syracuse  peri- 
dotite,  which  is  no  more  decomposed  than  this  rock,  the  augites 
in  the  groundmass  are  apparently  as  fresh  as  when  they  were 
first  formed.  The  explanation  of  this  probably  lies  in  the  fact 
that  the  patches  of  yellow  base,  some  of  which  is  quite  isotropic, 

«  Rot«Lbu8cb,  Mik.  Aye.,  Vol. II.,  1887,  p.  519. 
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are  much  more  abundant  here  than  in  the  other  rocks  described^ 
and,  perhaps,  the  augites  did  not  have  a  chance  to  crystallize 
out,  being  deposited  as  a  glass.  There  seems  to  be  no  doubt 
from  its  general  appearance  that  this  is  a  portion  of  the  same 
original  rock  mass  as  that  before  described,  and  probably  so  sit- 
uated with  reference  to  it  at  the  time  of  formation,  that  the  now 
brown  rock  crystallised  more  rapidly  than  the  other  portion  of 
the  eruptive  mass,  represented  by  the  rock  at  the  first  exposure 
described. 

''  The  dike  of  blue  earthy  material,  already  mentioned  has 
yellow  grains  scattered  through  it.  The  nature  of  the  original 
rock,  which  this  blue  decomposed  dike  represents,  cannot  be 
definitely  determined.  A  thin  slice  shows  a  few  fragments  of 
brown  mica,  and  sections  composed  entirely  of  serpentine,  clear- 
ing for  the  most  part  in  irregular  veins,  but  occasionally  show- 
ing the  form  of  olivine,  imbedded  in  a  green  to  bluish-green 
groundmass,  which  appears  to  be  partly  serpentine  and  partly 
chlorite.  The  porphyritic  grains  are  composed  of  white,  yellow 
and  greenish  yellow  serpentine.  The  arrangement  of  the  serpen- 
tine and  the  olivine  forms  still  preserved  indicate  that  all  the  por- 
phyritic, serpentinized  sections  were  originally  olivine.  It  is 
quite  probable  that  the  rock  consisted  once  of  olivine  with  a 
small  quantity  of  biotite  imbedded  in  a  groundmass  made  up 
largely  of  glassy  base  consisting  chiefly  of  olivine  substance 
which  has  weathered  to  serpentine  and  chlorite.'^ 

III.      COMPARISON  WITH  OTHER  PERIDOTITBS. 

The  peridotite  from  Pike  county  differs  somewhat  from  the 
other  American  occurrences  as  is  shown  by  both  its  min- 
eralogic  and  chemical  composition.  On  this  point  Brackett 
makes  the  following  remarks : — 

'^  Unlike  the  Kentucky  peridotite  it  contains  no  enstatite,  its 
pyroxenic  constituent  being  angite.  It  contains  no  ilmenite,  and 
in  only  one  section  was  any  garnet  found,  a  single,  small,  pink 
piece,  quite  isotropic.  The  perofskite,  especially,  occurs  in  great 
abundance  in  the  Pike  county  rock  and  here  is  undoubtedly 
original,  while  in  the  Kentucky  rock  it  is  believed  to  be  second- 
ary, arising  from  the  decomposition  of  the  ilmenite,  and  the 
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quantity  is  comparatively  small.  Finally  the  Kentucky  perido- 
tite  contains  much  more  fresh  olivine  than  that  from  Pike  county, 
and  pyrope  which  is  abundant  in  the  former  is  rare  in  the  latter. 
The  Syracuse  serpentine  or  peridotitCy  on  the  other  hand  is  much 
less  fresh  than  the  Pike  county  rock,  and  while  it  contains 
augite  in  the  groundmass,  the  augites  are  much  less  abundant, 
as  are  also  the  perofskites.  This  rock  is  in  some  respects  a  new 
type.  There  is  total  absence  of  a  rhombic  pyroxene,  which  occurs 
as  such  in  Diller's  rock,  and  is  probably  represented  by  decom- 
position products  in  the  Syracuse  serpentine." 

Rhombic  pyroxene  is  also  characteristic  of  the  picrite  of  the 
**  Courtlandt  Series  ".*  This  rock  is  described  as  ''  of  a  dark 
green  color  and  of  an  even  grain  of  medium  coarseness." 
Macroscopically  hornblende  is  prominent,  but  under  the  micro- 
soope  pyroxene  is  found  to  be  the  more  abundant  constituent. 
The  other  minerals  composing  the  rock  are  olivine  and  magnetite. 
Pyroxene  is  represented  by  colorless  diallage  and  by  hypersthene. 
The  olivine  is  often  quite  fresh. 

The  chemical  analysis  of  this  rock  given  below  also  shows  it 
to  be  difierent  from  Pike  county  rock. 

In  order  to  compare  the  chemical  composition  of  the  Pike 
county  rock  with  that  of  the  other  occurrences  the  analysis  given 
above  is  placed  side  by  side  with  those  of  the  other  rocks  a& 
follows : — 

4-naly8e8  of  peridotite. 


005STI^UKNT^^ 


StO|.. 

TiO... 

AliOi 

F««0. 

FeO.-. 


Pike  Co. 

Ark. 


38.78 
0.89 
6.85 
8.88 
1.99 


II. 


(8erp4>ntine) 

Sjrracuse, 

N.  Y. 


40.67 


5.18 


8.12 


III. 


Elliott  Co. 


29.81 
2.20 
2.01 
5.1C 
4.86 


IV. 


Elliott  Co. 
Ky. 


29.43 
1.48 
2.86 

9.06 


V. 


(Picrite) 

Peekrkill, 

N.  Y. 


47.41 


6.39 
7.0ft 
4.80 


•*Tbe  Peridotit«  of  the  ''Oourtlftndt  Series"  on  the  Hudsoo  Birer,  near  Peekakill 
N.  Y.,  by  Geo.  H.  Williams.    Am.  Jour,  Sci.,  Series  8,  Vol.  XXXI.,  1886,  p.  86. 

»  Gtolofical;  Vol.  ii.,  1890. 
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CmO 

MgO 

KaO 

NaaO 

COa 

H,0  (total). 


P.O 


t^B 


•Cr.O, 

MnO 

NiO 

-6.  (in  sulphides) 
SC), 


ToUl 

Specific  gniTity. 


8.88 
26.34 
2.66 
0.78 
0.14 
9.80 


32.61 


12.7" 


100.84 


99.10 


7.69 

6.94 

14.82 

82.41 

1        31.66 

15.34 

0.20 

0.6S 

1 

1.40 

0.11 

'          0.78 

(dif.)0.e9 

6.66 

5.65 

8.92 

10.90 

2.10 

0.85    ' 

Trace 
0.14 

0.43 

••••••  ••••••  •••••• 

0.28 

••••••«•••••••••'• 

0.05 

0.06 

•  •••••••••••••■••a 

None 

0.20 

0.49 

0.28 

0.80 

100  J6 

100.15 

100.00 

2.781 

1 

2.697 

3.20 

I.  Peridotite  of  Pike  County,  Ark.    Analyzed  by  Brackett  and 
Smith. 

II.  Serpentine  from  Syracuse,  N.  Y.*    Analyzed  by  T.  Sterry 
Hunt. 

III.  Peridotitet  from  Elliott  county,  Kentucky.    Analyzed  by 
T.  M.  Chatard.  .  (Bulletin  U.  S.  Geological  Survey,  No.  38,  1889,  p.  18). 

IV.  Peridotitet  from  Elliott  county,  Kentucky.    Anal5rzed  by 
A.  M.  Peter  and  J.  H.  Kastle.    (Ibid.  p.  18). 

V.  Peridotite  t  near  Peekakill,  N.  Y.  (South  side  of  Montrose 
Point)  by  W.  H.  Emerson  (Am.  Jour.  Sci.,  Series  3,  Vol.  XXXI.,  1886, 

p.  40). 

IV.   RELATIONS  OF  THE  IGNEOUS  TO  THE  ADJACENT  SEDIMENT- 
ARY ROOKS. 

In  regard  to  the  genetic  relations  of  these  rocks  to  the 
sedimentary  rocks  of  the  region  Dr.  Branner  makes  the  following 
statements  : — *'  Besides  this  peridotite,  the  rooks  exposed  in  this 
part  of  Arkansas  are  of  Paleozoic,  Lower  Cretaceous  ("  Trinity" 
of  Hill),  Post-tertiary  and  Quarternary  ages.  The  Paleozoic 
rocks  form  the  high  lands  of  the  hilly  and   mountainoas  region 

0  Am.  Jour.  Sci.,  8erie8  2,  Vol.  XXVJU,  1858,  p.  287. 

This  rock  which  Dr.  Hunt  obtained  from  Professor  James  HaU,  of  Albany,  contained 
'.(4.77  per  cent  of  carbonate  of  lime,  2.78  per  cent  of  carbonate  of  magnesia  and  62.5 -per  cent  of 
-serpentine,  and  it  was  this  latter  constituent  that  was  analyzed. 

t  These  are  the  rocks  described  by  Diller.    (1.  c.  p.  26). 

X  This  is  the  picrite  described  by  G.  H.  Williams  0*  o.  p.  26). 
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Qf  the  state  lying  north  of  the  Neozoic  expoaures.  They  are 
made  tip  of  atteroatiooa  of  sandatoDes  and  shale?,  and  are  highly 
flexed,  the  axes  of  the  folds  varying  but  little  from  due  east  and 
west.  Juat  north  of  Mnrfreesboro,  and  four  miles  from  the 
exposure  of  peridotit«,  these  sandstones  and  shales  have  a  high 
soath  dip,  at  many  places  standing  almost  or  quite  vertical. 
These  sontb  dips  continue  for  many  miles  to  the  north,  a  section 
meaenred  across  the  beds  farther  east  showing  an  aggregate 
vertical  thickness  of  strata  of  at  least  four  miles.  Against  and 
upon  the  eroded,  upturned  edges  of  these  Carboniferous  rooks 
the  lower  Cretaceous  beds  have  been  deposited.  The  rocks  of 
the  Cretaceous  are  soft  sandstones,  shales,  lignites,  clays,  etc.,  all 
beautifully  variegated,  the  predominating  colors  being  straw, 
lead,  pink,  and  terra  cotta,  and  the  beds  exhibit  a  low  and  almost 
imperceptible  dip  to  the  east  and  southeast.* 

"The  Little  Missouri  River  and  its  predecessor.  Sowing 
along  the  original  inland  margin  of  the  Cretaceous,  have  here 
cut  out  a  valley  five  miles  wide,  its  right  and  soathern  wall 
being -a  line  of  nearly  vertical  Cretaceous  cliSs,  which  are  the 
attacked  northern  edges  of  these  beds ;  the  left  or  northern  border 


Fig.  U.    SnHtn  lhr-»sli  lln  File  Cotmln  Ptnialilt  and  Iht  aijaeni  FtrmaHoiu. 
I.    Biitnilt.  IV.     LoweiCrBliulFaui<"TrinltT"alUill). 

II.     YsllovlUDi.  V.     PileoiolG  (lower  CmiboDlferoiuTI 

III.    P»l-tcnlarr.  X.    Pcridoiile. 

is  formed  by  the  Paleozoic  highlands,  while  the  bottom  of  the 
valley  is  in  lower  Cretaceous  beds  covered  by  Post-tertiary 
debris  and  by  Quarternary  and  recent  nediments.     It  is  in  this 

•Thnngb  tbakicdne^iol  thaDlriKtiiTolihiU.  S.  Owloglcil 'uriar,  Pnl.  K.  T.  Hill 
■pCBtthepaal  yeariaiindylag  tha  lilesoulc geolog]- of  Arkinau,  Hit  raporttordia  Vol.  II.  ol 
IbaaDDual  tapDitat  tha  Oeologlnl  Surcej  ol  Arkansu  far  I88S.  In  Uila  raport  ProL  BUI 
•hoBi  thai  tha  UaaoulB  rocrki  la  lb*  tIcIdII]' ol  Iblatipoaan  baliHigto  ahal  ba  ullt  tb* 
TilDllr.wUcbtwlblDkiliequiTalaDt  at  itaaWraldan  of  Europe. 
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plane  that  the  exposure  of  peridotite  occurs.  The  accompaDyiDg- 
section  fig.  44  shows  the  relations  of  the  intruded  rocks  to  those 
of  sedimentary  origin. 

''  (The  relations  shown  in  this  section,  with  the  exception  of 
the  exact  contact  of  the  Paleozoic  with  the  igneous  rocks,  may 
all  be  seen,  though  not  at  any  one  exposure). 

''The  contact  between  the  Paleozoic  and  the  Cretaceous  is 
exposed  in  Prairie  creek  about  two  miles  northeast  of  Marfrees- 
boro  where  the  Cretaceous  rock  is  a  conglomerate  with  calcareous 
cement.  These  parti-colored  Cretaceous  beds  are  cut  into  and 
exposed  in  many  places,  and  at  low  water  almost  continuously^ 
along  Prairie  creek  from  this  point  to  the  mouth  of  the  stream^ 
while  on  the  right  bank  of  the  Little  Missouri  they  rise  in  beaud- 
fully  exposed  cliffs  to  a  height  of  nearly  one  hundred  feet  above 
the  riverl 

**  Where  Prairie  creek  enters  the  Little  Missouri,  a  dike  of 
peridotite  not  more  than  ten  inches  wide  stands  out  for  fifty  feet 
across  the  mouth  of  the  former  stream,  and  on  the  left  bank  of 
the  river  this  dike  is  seen  to  penetrate  the  soft  sandstones  of  the 
lower  Cretaceous.  Where  the  Cretaceous  has  been  cut  away  by 
Post-tertiary  erosion  and  covered  with  the  water-worn  debris^ 
the  dike  is  also  cut  off*  even  with  the  eroded  Cretaoeous  surface 
and  covered  with  debris.  At  the  line  of  contact  between  the 
dike  and  the  Cretaceous  sandstone,  the  most  careful  microscopic 
examination  does  not  reveal  the  slightest  trace  of  metamorphism» 
The  original  material  injected  into  this  crevice  is  so  thoroughly 
filled  with  the  debris  of  the  beds  through  which  it  has  passed — 
shales,  sandstones  and  quartz  pebbles — that  their  included  frag- 
ments form  about  two-thirds  of  the  dike  as  it  now  stands.  Even 
the  soft  inclusions  from  the  Cretaceous  are  unaffected.  The 
great  number  of  these  inclusions  suggest  that  the  injected  mass 
was  cooled  by  them  to  such  an  extent  that  it  was  rendered 
incapable  of  producing  contact  metamorphism  even  on  a  very 
small  scale. 

''  The  horizontally  bedded  Cretaceous  strata  do  not  appear  to 
be  disturbed  in  any  way  whatever  by  the  presence  of  this  dike 
or  even  by  that  of  the  main  body  of  peridotite.    This  little  dike 
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affords  the   principal   evidence  in   re^rd   to  the  age  of  these 
igneous  rocks. 

''The  Paleozoic  exposure  of  this  locality  is  the  most 
southerly  one  known  in  the  state.  The  rocks  are  all  sandstones 
or  quartzites,  frequently  false-bedded,  and  containing  many 
so-called  ''  fucoid  impressions.'^  They  are  much  fractured  and 
jointed  and  occur,  for  the  most  part,  as  irregular  blocks,  and 
OBly  at  the  extreme  southwest  part  of  the  exposure  is  it  possible 
to  determine  their  dip  satisfactorily.  The  dip  moreover  is  not 
uniform  either  in  amount  or  direction,  the  one  measured  being 
26^  southwest,  and  somewhat  below  the  average.  The  exact 
contact  between  the  Paleozoic  and  the  igneous  rock  is  not 
visible. 

"  The  rocks  of  this  group  vary  considerably  from  flinty 
greenish  quartzites  to  light-colored  and  porous  sandstones, 
bat  this  variation  is  no  greater  than  one  might  expect  to  find 
in  the  variable  sandstones  of  the  Lower  Carboniferous  to 
which  these  are  supposed  to  belong.  Some  of  the  quartzites 
are  extremely  hard,  but  the  appearance  of  freshly  broken 
specimens  shows  that  this  hardness  is  to  be  attributed  to  the 
indurating  efiects  of  weathering,  rather  than  to  contact 
metamorphism.  In  some  instances  the  sandstones  are  of  a 
light  brown  color  and  contain  traces  of  vegetable  matter, 
though  no  recognizable  forms  have  thus  far  been  discovered. 
In  other  cases  they  are  tinged  with  green  coloring  matter, 
probably  due  to  the  presence  of  chlorite. 

''Inasmuch  as  it  has  been  suggested  that  the  South 
African  diamonds  may  have  been  generated  by  the  meta- 
morphism of  the  carbon  in  the  carbonaceous  shales  penetrated 
by  peridotite,  it  should  be  added  that  no  such  phenomenon 
is  suggested  by  observations  at  this  locality  or  upon  these 
rocks. 

"  The  Post-tertiary  wash  so  widespread  in  southwestern 
Arkansas  is  thinly  scattered  about  the  foot  ot  the  ridge 
•of  peridotite.  Its  cobbles  and  pebbles  are  of  sandstone, 
quartz,  novaculite,  and  jasper,  cemented  here  and  there  into 
«  ferru^nous    conglomerate.    The   fragments  are  uauallY 
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much  water-worDy  but  some  of  them  are  subaDgalar,  while 
in  size  they  range  from  that  of  one^s  head  downward. 
Careful  search  was  made  among  this  material  for  fragments 
of  peridotite  or  serpentine,  but  none  was  found.  From  the 
readiness  with  which  this  rock  decomposes,  however,  it  could 
hardly  be  expected  that  such  fragments  would  be  preserved 
for  any  great  length  of  time. 

^'  The  sum  of  our  evidence  favors  the  hypothesis  that 
this  peridotite  is  a  simple  injection  which  took  place  about 
the  close  of  the  Cretaceous  through  and  between  the  Pale- 
ozoic strata^  and  penetrating  the  lower  Cretaceous  beds,  and 
that  whatever  its  relations  to  orographic  movements  may 
have  been,  it  caused  no  great  direct  disturbance  either 
chemical  or  physical  in  the  beds  with  which  it  appears  in 
contact. 

''  It  naturally  occurs  to  one  that  the  Tertiary  subsidence 
and  the  intrusion  of  these  igneous  rocks  are  associated  in 
some  way ;  but  which  is  the  cause  and  which  the  effect,  the 
facts  to  be  gathered  at  this  locality  do  not  indicate. 

'^  The  course  of  geologic  events  at  this  place  as  indicated 
by  the  geology  of  the  region  was  as  follows  : 

Time.  Event. 

1.  r  At  the  close  of  the  Carboniferous,  the  rocks  of 
Close  of  the  Carbon-  <  that  age  were  flexed,  lifted,  and  subjected  to  very 
iferous.  (  extensive  subaerial  erosion. 

2.  (  The  southeast  margin  of  the  eroded  land  sank 
Early  Cretaceous,     -j  beneath  the  ocean  and  the  lower  and  upper  Creta- 

i  ceous  beds  were  deposited  against  and  upon  them. 

3.  r  The  land  was  elevated  and  the  Cretaceous  beds 
Close  of  the  Creta-  -j  exposed  to  a  brief  period  of  erosion. 

ceous.  I 

f  The  igneous  rocks  were  ejected  through  the 
I  Paleozoic  shales  and  sandstones  and  the  clays  and 
-j  soft  sandstones  of  the  lower  (and  upper  ?j  Creta- 
I  ceous,  and  the  land  sank  beneath  the  seas  ia 
i  which  the  Tertiary  beds  were  laid  down. 

5.  f  The  Tertiary  series  was  elevated  and  in  the  slow 
Post-tertiary.  ,'  process  of  passing  through  the  beach  condition  its 

'i  soft  beds  were  subjected  to  extensive  erosion  and 
L  denudation. 

6.  /  Quaternary  events,  which  need  not  be  specified 
Quaternary.  \  here. 

''  Of  all  the  known  occurrences  of  crystalline  rock  in  the 


'     4. 

Early  Tertiary. 
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state  of  ArkaDsaSy  the  peridotite  of  Pike  county  offers  the 
best  evidence  of  the  date  of  its  intrusion.  All  the  other 
known  exposures  are  north  of  the  Cretaceous  area  and  in  a 
region  in  which  metamorphism  has  been  so  general  that 
every  trace  of  the  paleontologic  evidence  of  the  age  of  the 
rocks  penetrated  that  may  have  existed  has  been  entirely 
obliterated^  and  we  are  therefore  unable  to  determine  by  any 
evidence  thus  far  collected,  the  precise  age  of  those  beds^ 
and  are  consequently  unable  to  determine  the  age  of  the 
eruptives.'' 

It  is  evident  from  the  above  statements  that  the  time  of 
the  intrusion  of  these  rocks  was  not  far  removed  from  that 
of  the  syenitic  and  monchiquitic  rocks  in  other  parts  of  the 
state. 


CHAPTER  XII. 

The  Basic  Dikes  occubbino  outside  of  the  Syenite 

Abeas  of  Abkansas. 


By  J.  F.  Kemp, 


Occurrence. — The  explorations  of  the  State  Geological  Sur- 
vey have  brought  to  light  a  number  of  basaltic  dikes  outside  of 
the  regions  described  by  J.  Francis  Williams  in  the  preceding 
chapters,  as  well  as  a  number  of  others  associated  with  the  sye- 
nites of  Magnet  Cove  and  Saline  county.  Some  of  the  former  are 
situated  as  much  as  forty  miles  (65km)  or  more  away  from  the 
principal  masses  of  eruptive  rock,  while  the  latter  penetrate,  not 
only  the  strata  quite  near  the  disturbed  area,  in  Saline  county, 
on  Teager  Creek,  and  in  the  neighborhood  of  the  Ouachita 
River,  in  Hot  Spring  and  Garland  counties,  but  are  also 
developed  in  the  ridges  of  Magnet  Cove  and  in  its  interior  basin, 
while  those  in  the  Saline  county  syenite  district  pierce  the  syenite 
itself.  Even  the  rocks  from  the  remoter  dikes,  as  will  appear  in 
the  descriptions,  are  closely  related  to  those  of  the  syenite  cen- 
ters and  they  are  doubtless  all  genetically  connected.  It  is  not 
to  be  supposed  that  all  or  even  a  large  proportion  of  them  have 
been  or  can  be  discovered  on  account  of  the  overlying  soil,  vege- 
tation and  limited  exposures. 

The  dikes  described  here,  as  shown  by  the  general  tabula- 
tion in  the  next  chapter,  are  very  narrow.  The  widest  one 
recorded  and  definitely  determined  is  four  feet  (1.13m)  while 
the  average  is  from  one  to  two  feet  (0.3  to  0.6m)  and  in  some  in- 
stances they  are  as  narrow  as  one  inch  (25  mm).    They  sufEer  so 
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severely  from  disintegration  that  only  about  one-third  of  those 
<»llected  furnish  sections  sufficiently  fresh  to  be  available  for 
accurate  work^  but  by  comparison  with  these  the  general  char:- 
acter  of  many  of  the  others  can  be  determined.  The  wall  rock 
where  not  eruptive^  is  either  limestone^  sandstone  or  shale. 
Where  observations  have  been  made  on  the  dikes  in  sedimentary 
rocks  they  are  usually  found  to  be  vertical.*  D.  D.Owen  f 
mentions  a  locality  near  Mill  Gap,  Hot  Spring  county  where  the 
igneous  rock,  appears  to  overlie  the  sedimentary.  This  place 
has  since  been  visited  by  J.  Francis  Williams,  who  found  that  the 
igneous  rock  has  simply  forced  its  way  between  the  strata  of  the 
displaced  sedimentary  rocks.  It  would  appear  from  the  prevail- 
ing vertical  character  of  the  dikes  that,  in  general,  the  walls  have 
not  been  much  disturbed  since  their  intrusion.  Such  specimens 
as  were  thought  in  the  field  to  come  from  low-dipping  exposures 
have  proved,  when  examined  microscopically,  to  be  metamor- 
phosed sedimentary  beds.  The  macroscopic  resemblance  between 
the  dikes  and  metamorphosed  sedimentary  rocks  is  often  extraor- 
dinarily close.  So  far  as  can  be  noted  the  dikes  produce  little  if  any 
"Contact  metamorphism  in  the  walls.  This  lack  of  metamorphism 
is  usually  to  be  uoted  with  narrow  bodies  of  very  basic  rock. 

Nomendaiure. — The  rocks  here  called  ouachitites  (pro- 
nounced wah'-she-tite)  are  named  from  the  Ouachita  River 
along  which  they  are  particularly  well  developed.  They  are 
considered  as  forming  a  new  member  in  the  monchiquite  group 
lately  proposed  by  Rosenbusch,  X  and  as  constituting  a  sub- 
group under  the  fourchite  division  of  the  latter  proposed  by 
J.  F.  Williams  (see  p.  110  of  this  report),  and  with  which  they 
are  closely  related,  but  from  which  they  differ  in  mineralogic 
composition  and,  to  a  c  )nsiderable  extent,  in  geologic  occur- 
rence. The  monchiquite  group  was  formed  to  include  the  basic 
dikes  of  close  affinities  with  the    ''tephrites,  nepheline-rocks, 

•  Compare  remarks  by  Geo.  EnglemaoD,  Proc.  of  A.  A.  A.  S.,  Vol.  V.,  1851,  p,  199  cited 
in  this  report,  chapter  J.,  p.  13. 

t  Report  of  a  Second  Geological  ReconnoissaDce  of  Arkansas  by  David  O.  Owen.  Phila.* 
1860,  p.  82. 

I  M.  Banter  und  H.  Roaeobusch;  Ueber  Monchiquit,  ein  Oamptooitlschei  Gaoggeeteio 
aos  der  Gefolgschaft  der  Elftolithsyenlte.    Tschermak's  Min.  u.  Petr.  Mitth.  XL,  1890,  p.  445. 
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limburgites,  camptoDites  and  theralites^',*  but  wbicb  bavebeea 
found  especially  in  connection  witb  tbe  eleolite  syenite.  The; 
are  subdivided  on  the  basis  of  mineralogic  composition  aa 
quoted  in  chapter  IV.  of  this  report,  p.  109. 

As  will  appear  later,  olivine  is  lacking  or  only  very  spar^ 
ingly  represented  in  almost  all  of  the  Arkansas  dikes.  The  sub- 
division ouacbitite  is  therefore  made  under  the  moncbiquite  and 
fourchite  to  include  those  rocks  which  lack  olivine,  but  are  rich  in 
biotite  and  augite.  This  close  affinity  has  been  remarked  by 
Professor  Rosenbusch  who  has  kindly  examined  a  specimen  fronv 
one  of  the  freshest  dikes  and  has  emphasized  its  relationsbipSi. 
Ouacbitite  differs  therefore  from  moncbiquite  much  as  a  biotite- 
augitite  does  from  limburgite  and  forms  among  tbe  dike  rocks  a 
grouping  similar  to  that  adopted  for  the  efiusives. 

In  color  the  ouachitites  are  black  or  very  dark  gray.  They 
are  all  porphyritic  and  exhibit  very  large  phenocrysts  of  biotite  and 
augite.  Many  contain  both,  but  in  some  the  former  recedes,  while 
in  others  the  latter  becomes  less  important.  The  augite  may  be 
15  to  20mm  in  its  greatest  dimensions  but  averages  less.  The 
crystals  are  stout  prisms  and  not  tabular.  .  The  biotite  in  some 
cases  measures  as  much  as  25mm  across  the  base  and  15mm  in 
thickness,  but  also  average  less.  To  macroscopic  observation  it 
is  the  most  striking  mineral  in  the  rock.  On  a  rough  estimate 
its  great  phenocrysts  make  up  about  fifty  per  cent  of  the  rock  of 
dyke  18,  but  this  is  an  extreme  case.  The  augite  and  biotite 
when  large  stand  out  in  bold  relief.  Such  extremely  large 
phenocrysts  in  such  narrow  dikes  form  a  striking  feature  of 
these  rocks.  Even  when  the  dike  is  as  narrow  as  25mm  the 
the  phenocrysts  of  augite  are  about  6mm  across.  In  the  dike& 
which  occur  long  distances  from  what  are  regarded  as  the  erup- 
tive centers  and  so  far  as  can  be  seen,  remote  from  any  notable 
parent  mass,  this  occurrence  of  large  phenocrysts  is  very  remark* 
able  and,  although  not  so  very  uncommon,  is  one  of  the  most 
striking  attributes  of  such  basic  dikes. 

Microscopic  examination. — Under  the  microscope  the  dikes 
are  shown  to  consist  essentially  of  augite,  biotite,  magnetite  and 

■  Ibid,  p,  447. 
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smaller  amounts  of  a  colorless,  isotropic  substance  or  glass. 
With  these  components  are  found  in  one  case  (dike  8)  brown 
basaltic  hornblende,  in  several  others  altered  olivine  and  in  a  few^ 
instances  titanite.  Pyrite  is  common  in  the  decomposed  specie 
mens.  Apatite  has  been  everywhere  noted  and  in  almost  all 
specimens  secondary  calcite  shows  the  beginning  or  advance  of 
alteration.  Although  the  glassy  basis  has  some  strong  nephelin- 
itic  characteristics,  only  in  one  or  two  instances  has  definitely 
crystallized  and  anisotropic  nepheline  been  detected. 

In  two  instances  a  very  feebly  refracting  mineral  was  noted 
which  afforded  between  crossed  nicols  six-sided  cross-sections  of 
marked  zonal  structure  very  like  fig.  2,  pi.  XIV.,  of  Rosen- 
basch,  Mik.  Phys.  Vol.  I.  It  is  probably  some  member  of  the 
S'>dalite  group  exhibiting  optic  anomalies  analogous  to  the 
rhombic  dodecahedral  type  of  garnet.  Haiiyne  is  cited  in  the 
Portuguese  dikes  by  van  Werweke*. 

The  augUe  is  of  the  basaltic  type  and  occurs  in'  two  genera- 
tions. It  is  often  the  most  abundant  constitueut  of  the  rock  and 
marks  a  tendency  towards  a  fourchite.  The  larger  and  older 
generation  is  formed  of  idiomorphic  crystals  of  comparatively 
large  size  as  noted  above.  They  are  almost  always  zonal  and 
shade  from  lighter,  well-nigh  colorless  tints  inside  to  much  more 
deeply  colored  rims.  The  interior  may  be  faint  green,  yellow  or 
reddish  violet,  the  exterior  deeper  yellow  or  reddish  brown. 
Pleochroism  is  occasionally  present,  but  is  not  always  noticeable. 
In  dikes  207  and  232  it  passes  from  faint  green  parallel  6  and  a 
to  red  parallel  c  ;  in  dike  60  yellow  to  light  yellow.  In  dike  36. 
an  augite  with  a  colorless  core  and  a  reddish-brown  rim  show  ed 
an  extinction  of  41^  for  the  former,  49^  for  the  latter.  This  is 
the  natural  change  from  augite  low  in  iron  and  colorless  to  one 
higher  in  the  same  aud  tinted.  Titanite  is  probably  present  iu 
the  reddish  or  violet  ones.  The  usual  twinning  on  cx>Pc5b  (100)^ 
occurs  but  is  not  frequent.  A  zonal  arrangement  of  included 
magnetite  appears  in  dikes  3  and  36,  but  it  is  not  very  marked. 
Biotite  is  at  times  included,  as  usual,  with  OP  (001)  parallel  c* 
of  the  augite,  but  such  inclusions  are  not  very  common.     In-^ 

»  2l«Ti«B  Jahrb.  f  Or  Min.  Jabrg.  1879,  p.  461. 
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claded  apatite  is  rarely  found  and^  indeed,  the  aagite  is  on  the 
whole  rather  free  from  foreign  matter  of  all  sorts ;  no  glass 
whatever  was  remarked  in  any  instance  within  its  boandaries.  It 
also  seems  to  resist  corrosion  for  while  the  biotite  bears  frequent 
evidence  of  having  been  resorbed,  in  only  one  instance  did  an 
aagite  show  such  a  tendency.  Tests  before  the  blow-pipe  failed  to 
show  the  presence  of  sodium.  Augites  of  the  second  generation 
appear  as  small,  green  prisms  0.05mm  to  0.1mm  and  not  so  well 
bounded  as  those  of  the  first  generation.  They  are  uniformly 
^reen  and  non-pleochroic  as  is  usual  in  rocks  of  basaltic  affinities. 

The  process  of  alteration  seems  at  times  to  involve  the 
formation  of  nests  of  small,  olive-green  hornblende  prisms  which 
replace  the  large  augite  crystals.  Calcite  is  also  a  secondary 
product,  as  is  shown  by  the  efifervescence  of  the  interior  of  many 
tsrystals  when  treated  with  acid.  The  final  result  seems,  however, 
in  most  cases  to  be  the  formation  of  a  chloritic  mass  with  lim- 
onite  and  calcite  intermingled.  Lines  of  some  dark,  ferruginous 
substance  running  regularly  through  such  material  seem  at  times 
to  outline  the  position  of  old  cleavage  cracks,  and  it  is  probable 
that  some  of  the  iron  oxide  of  the  original  bisilicates  separated 
along  these  cracks.* 

The  biotite  is  of  a  rich,  reddish  brown  tint,  in  sections  parallel 
OP  (001),  The  crystals  are  large  and  well  developed,  but  they 
have  suffered  much  from  corrosion  ^nd  often  show  rounded 
contours  which  faintly  suggest  the  original  hexagon.  Some 
irregular  fragments  also  occur  which  are  probably  due  to  the 
position  of  the  section.  Somewhat  rarely  a  second  generation 
t»n  be  determined.  Faint  zonal  structure  is  occasionally  seen. 
The  pleochroic  colors  change  from  deep  reddish  brown  to  faint 
yellow  and  are  in  great  contrast.  A  slightly  inclined  extinction 
on  OP  (001)  is  to  be  seen — perhaps  of  2°  or  8°.  In  some  cases 
(dike  36),  there  is  a  notable  divergence  of  the  optic  axes,  but  it 
probably  does  not  exceed  5^.  Attempts  to  determine  the  percussion 
figure  failed,  as  the  mica  seems  to  have  become  too  soft  and  yields 
little  else  than  a  hole.     The  position  of  the  plane  of  the  optic  axes 

«  Compare  Kemp,  J.  F.,  "Forest  of  Deaa  Oamptonlte"  where  a  similar  phenomenoa  ii 
noted  for  hornblende.    Am.  Jour.  Sci.  Series  8,  Vol.  XXXV.,  p.  881. 
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parallel  to  the  plane  of  symmetry^  as  determined  by  the  crystal- 
lographic  form,  proves  it  to  be  normal  biotite.  It  is  very  free 
from  inclusions  of  all  sorts,  but  augite  has  certainly  been  noted 
buried  in  a  mica  crystal  (dike  18).  Mechanical  strains  are  to  be 
seen,  but  are  not  frequent. 

In  alteration  calcite  and  limonite  form  abundantly  and  the 
mica  bleaches  out.  Such  a  whitened  core  may  at  times  be  seen 
baried  in  the  surrounding  calcite,  chlorite,  limonite  and  dirt,, 
which  its  outer  part  has  yielded.  The  irregular  or  rarely  octa- 
hedral grains  of  magnetite  exhibit  few,  if  any,  evidences  of  being 
highly  titaniferou9.  To  test  this  on  a  large  scale  a  sample  of 
dike  36  was  crushed  and  concentrated*  and  the  residue  of  a  few 
grains  thus  obtained,  consisted  of  the  small  heavy  minerals  from 
about  one  pound  of  rock.  An  ordinary  magnet  was  found  ta 
remove  all  the  magnetite  and  nothing  but  very  perfect,  small ,^ 
hexagonal  prisms  of  apatite  and  fragments  of  augite  remained. 
From  this  it  would  seem  that  the  titanium  shown  by  the  analysis 
I.  is  probably  in  the  bisilicates. 

The  glass  basis  is  not  especially  abundant,  but  appears  at 
times  forming  masses  of  some  size.  It  contains  great  numbers 
of  extremely  minute,  colorless  augite  microlites.  Larger  crys- 
tals of  augite  of  the  second  generation  bristle  into  the  glass  from 
its  boundaries  in  almost  every  instance,  and  give  it  the  appear- 
ance of  filling  an  interstitial  space.  This  glass  is  much  the  same 
as  that  described  by  Biickingf  as  basis  of  the  second  kind,  that 
is,  it  is  colorless  and  when  fresh  gelatinizes  readily  with  hydro- 
chloric acid  and  is  stained  red  with  fuchsine. 

This  tendency   to  gelatinize    with    acids    is    doubtless  a 
characteristic   feature  of  these   dikes.     In  alteration   the  glass 
affords  abundant  calcite  and  for  this  reason  it  is  not  often  that 
t 

*  This  was  done  In  accordance  with  the  method  recommeaded  by  O.  A.  Derbj  (see 
Proo.  A.  A.  A.  S.,  Indiaoapollfi,  1890),  which  is  as  follows  :— Crush  the  rock  in  a  mortar  and 
paas  it  through  a  20  mesh  screen.  Then  concentrate  hj  panning  with  a  low-coned  copper  pan 
in  the  way  practiced  hj  the  Brazilian  gold  seekers. 

t  fl.  Backing,  Basaltische  gesteine  aus  der  gegendsQdwestlich  Ton  ThOringer  Wald  and 
aus  der  Rhdn.  Jahrb.  d.  k.  p.  g.  Landesanst.  fQr  1880,  also  the  same  for  1881. 
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the  basis  is  fresh  enough  to  gelatinize  and  stain.  Bucking  com- 
ments on  the  strong  likeness  between  such  a  magma  and  that  of 
the  typical  nephelinites. 

At  tiroes  hexagonal  contours  can  be  seen  in  the  basis  mark- 
ing the  formation  of  nepbeline  and  possessing  extremely  faiot 
tlonble  refraction. 

Among  the  accessory  minerals  titauite  appears  but  rarely 
and  has  nothing  remarkable  about  it.  Pyrite  exists  in  irregular 
masses  in  the  decomposed  dikes.  It  is  doubtless  a  result  of 
alteration.  Olivine  has  been  noted  in  several  dikes.  It  marks 
a  tendency  toward  a  true  monchiquite  and  a  thin  section  of  dike 
60  resembles  strongly  sections  of  the  typical  Brazilian  rock. 

In  dike  3  abundant  basaltic  hornbledde  appears.  The 
augite  remains  normal  in  amount^  but  the  biotite  decreases  in 
quantity^  still  being  present,  but  subordinate.  The  hornblende  is 
in  sharply  defined  idiomorphic  crystals  and  makes  a  very  beauti- 
ful section  with  the  zonal  augite.  Its  extinction  angle  is  high 
for  hornblende  of  this  variety,  and  reaches  at  least  15^  It  may 
be  regarded  as  replacing  the  biotite  to  some  extent  and  marking 
a  deviation  from  the  normal  type  and  creating  a  tendency 
toward  an  amphibole-ouachitite  or  non-feldspathic  camptonite. 
Such  rocks  have  been  noted  elsewhere  in  dikes  associated  with 
eleolite-syenite  *,  but  it  is  a  noteworthy  fact  that  similar  dikes  in 
other  districts  contain  hornblende  with  greater  frequency. 

In  macroscopic  and  to  a  large  degree  in  microscopic  char- 
acteristics the  rock  from  the  dikes,  rich  in  biotite,  has  the 
strongest  imaginable  resemblance  to  the  alnoite  or  melilite 
basalt  of  the  Norwegian  eleolite  syenite  areas.  Specimens  could 
be  found  practically  indistinguishable  (macroscopically)  from 
alnoite  sent  to  J.  F.  Williams  by  Professor  Rosenbusch,  but 
in  no  Arkansas  dike  has  any  melilite  been  found. 

Chemical  investigation, — An  analysis  of  the  rocks  afforded 
the  per  cents  given  in  the  following  table : — 


*  8ee  Bosenbasoh,  Massige  Gesteine  pp.  795,  797,  also  the  paper  on  monchiquite  referred 
to  above  and  literature  subaeqaently  cited. 
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Analyses  of  aiigitic  rocks. 


CON  STIT  IT  ENTS 

L 

II. 

III. 

IV. 

Oaachitite. 
flotSpriogs,  Ark. 

Oaachitite, 
Arkansas. 

(Gamptonite) 
New  Jersey. 

Monchiquite 
Biazil. 

«i02 

86.40 

0.42 
12.94 

8.27  1 

4.59  j 
14.46 
11.44 

8.01 

0.97 

2.86    ) 

8.94    ) 

1.04 

88.07 

40.47 

46  48 

TlOa   

0.99 

Al,03 

FejOa 

FeO 

17.92 

14.08 

11.70 
8.87 
2.23 
0.96 

5.50 

11.S6 

17.44 

16.80 
3.10 
4.21 
1.90 

3.60 

16.16 
C    6.17 
(    6.09 

0»0 

MgO.- 

KjO 

»t,0- 

7JK 
4.02 
8.08 
5.85 

H,0„ 

CO,^ 

r  4.27 
(  0.45 

P,0»- 

Total 

SpMiflc  grmritj... 

99.84 

99.83 
2.928 

99.88 
3.102 

100.91 
2.728 

I.  iBof  dikelS  wbich  is  found  foar  miles  southwest  of  Hot  Spriugs. 
(8  8.,  20  W.,  sec.  11.,  N.  E.  quarter  of  N.  W.  quarter.)*  The 
moalysis  was  made  by  Mr.  L.  G.  Eakius  ia  the  laboratory  of  the  U.  8. 
Geological  8urvey  and  kindly  furnished  to  the  Geological  Survey  of  Ar- 
kansas by  Prof.  J.  8.  Diller. 

II.  Is  of  dike  4  (1  N.,  15  W.,  [sec.  33.,  N.  E.  quarter).  This  ap- 
pears under  the  microscope  to  be  one  of  the  least  altered  of  those  col- 
lected. It  contains  leas  biotite  than  many  others,  but  this  mineral  is 
leplaced  by  augite.  The  biotite  does  not  form  over  ten  per  cent  of  the 
rock.    Analysis   by   J.    F.   Kemp. 

III.  Is  of  an  analogous  rock,  which  occurs  with  the  eleolite  syen- 
ite at  BeemerviUe,  N.  J.  Analysis  by  J.  F.  Kemp.  (Am. '  Jour.  8ci. 
Series  8,    Vol.  XXX VIII.,  p.  130.) 

IV.  Is  of  a  Brazilian  dike.  Analysis  by  M.  Hunter,  (Ueber  Mon- 
tshiqaite  et<*.    Tscherm.,  Min.  u.  Petr.  Mitth.  XL,  1890,  p.  454). 

From  these  results  it  appears  that  the  rocks  are  extremely 
basic,  high  in  alumina  and  ferric  and  ferrous  oxides,  lime  and 
magnesia,  and  low  in  alkalies.  The  excess  of  potash  over  soda 
is  due  to  the  abundant  biotite,  or  conversely,  it  is  possible  that 
the  presence  of  potash  in  excess  may  have  caused  its  formation 

*ThlsIocaiitj  was  aftenrards  Tisited  bj  J.  F.  Williams  of  the  Geol.  Surv.  of  ArkannaH 
«iid  the  aboTe  mentioned  dike  was  accurately  located  bj  the  aid  of  Col.  D.  C.  Rugg  of  Hut 
Springs. 
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and  engendered  one  of  the  chief  pecularities  of  the  rock« 
Although  analyses  of  suoh  dikes,  elsewhere,  (see  subsequent 
mention  of  literature)  are  not  as  yet  generally  available,  the 
descriptions  would  indicate  that  biotiie  is  much  more  subordi- 
nate than  in  the  specimens  from  Arkansas.  The  rock  from 
New  Jersey,  whose  analysis  is  given  above,  in  mineralogie  com- 
position  approaches  the  nearest  to  these  rocks.  The  New 
Jersey  rock  would  have  been  described  under  some  such  name  as 
is  here  employed,  if  as  much  had  been  known  and  recorded  thea 
as  now. 

Occurrence  of  similar  dikes  elsewhere. — It  is  a  curious  fact  that 
dikes  of  very  basic  rock  are  commonly  associated  with  eleolite 
syenite  wherever  the  latter  has  been  recorded  and  studied.  Thus 
as  far  back  as  1850,  Bonnet  *  in  a  description  of  the  occurrence 
of  the  eleolite  syenite  or  foyaite  of  the  Serra  de  Monchique  in 
Portugal  mentions  basalt  and  melaphyre  as  associated  with  it» 
by  which  we  are  to  understand  simply  a  dark,  basic  rock.  A 
series  of  specimens  was  subsequently  collected  there  by  Dr. 
Reiss  and  among  these  was  one  called  basalt  which  occurred  io 
dikes  in  the  eleolite  syenite.  This  came  into  the  possession  of 
Leopold  van  Werweke  and  in  1879  a  description  was  published 
by  him  f.  He  determined  the  rock  to  be  a  limburgite  and  to 
consist  of  a  gray  ground  mass  with  microscopic  phenocrysts 
(Einsprenglinge)  of  hornblende,  augite,  olivine  and  haiiyne.  The 
hornblende  is  abundant,  the  olivine  and  haiiyne,  which  among 
themselves  are  present  in  about  equal  quantities,  less  so;  the 
augite  is  sparing ;  apatite  is  present.  L.  van  Werweke  states  that 
it  departs  from  the  normal  limburgite,  but  not  enough  to  make* 
a  separate  group. 

A  year  later  van  Werweke  again  wrote  on  the  Portuguese 
rocks  more  in  detail.^  He  refers  to  the  dikes  already  described 
and     mentions  another  in   the   nepheline   (eleolite)    syenite  of 

<>  Bonnet.  Algarre,  Description  g^ographlque  etgeologique  de  oette  ProTince.  Oarrafe 
approT6  et  imprimie  par  1'  academie  rojale  dea  scieocea  de  Liabonne.   Liabon,  1860, 

t  L.  van  Werweke,  Beitrag  car  Kenntniaa  der  Limburgite.  Neuea  Jahrbach,  1879,  p.  451. 

X  L.  Tan  Werweke.  Ueber  den  Nephelin-Syenlte  der  Serra  de  Monchiqne  im  IB&dllehfii 
Portugal,  und  die  denselben  durchsetzendeo  Oeateine,  Neuea  Jabrbaob,  Jahig.,  1880,  Band 
I.,  pp.  141-186,  eapeciaU  J  p.  179. 
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Picota  which  he  determines  to  be  a  Dephelioe  basalt  with  acces- 
sory plagioclase.  It  is  a  fiaely  crystalline  rock  and  consists 
of  idiomorphic  hornblende,  needles  of  augite,  magnetite  and  mag- 
nesia* mica  in  a  colorless,  doubly  refracting  groundmass.  With 
this  are  '' microporphyritic'^  augite,  olivine,  and  small  rods  of 
feldspar  in  the  groundmass.  The  groundmass  gives  a  grayish 
blue  interference  color,  gelatinizes  and  yields  cubes  of  salt  on 
drying  and  is  therefore  called  nepheline.  The  hornblende, 
augite  and  nepheline  are  about  equally  abundant.  The  magnet* 
ite  is  titaniferous.  The  augite  is  zonal,  being  gray  inside  with 
a  red  rim.  The  biotite  occurs  with  magnetite  in  wreaths 
surrounding  the  olivine  and  is  also  subordinate  in  the  ground- 
mass.  The  syenite  in  which  these  augitic  dikes  occur  has  been 
shown  to  be  later  than  the  Culm  and  van  Werweke  pronounces 
these  dikes  to  be  different  from  any  known  pre-Tertiary  type. 
Another  specimen  (p.  182)  from  the  Yalle  do  Bispo  is  pro- 
nounced nepheline  basalt  and  is  shown  to  consist  of  a  fine- 
grained groundmass  of  nepheline,  augite,  olivine  and  much 
magnetite  and  mica.  This  one  may  not  differ  materially  from 
the  Arkansas  dikes.  A  six- centimeter  dike  (p.  182)  from  Sitio 
das  Rebolas  has  the  same  groundmass  as  the  last  with  augite, 
amphibole,  feldspar  and  mica  phenocrysts.  Another  from  Sitio 
do  Barocco  is  prophyritic  containing  augite,  feldspar,  hornblende, 
mica,  titanite  and  olivine.  The  hornblende  phenocrysts  are 
often  as  much  as  6cni  in  length.  The  mica  is  subordinate.  The 
augite  is  pleochroic,  violet  to  yellow. 

These  Portugese  rocks  furnish  some  close  parallels  to  the 
Arkansas  dikes,  but  the  general  absence  of  hornblende  and 
•livineand  the  extreme  abundance  of  biotite  in  the  latter,  places 
Ihem  in  strong  contrast  with  the  former. 

O.  A.  Derby  *  has  recently  found  basaltic  dikes  associated 
with  the  Brazilian  eleolite  syenites.  Dikes  of  various  kinds  of 
basalt  occur  near  Campo  Grande  in  gneiss  (p.  458).  Again  the 
gneiss  at  Tingna  is  cut  by  small  dikes  (p.  459).  In  the  Pocos 
de  Caldas  (Hot  Springs)  region  tephritic  basalts  arc  associated 

*  Dtrbf •  O.  A.»  On  NepbeliDe  Rockt  in  Bracll,  ete.,  Q.  J.  O.  S.,  London,  1887,  p.  HI. 
M  Ctaolofietl;  V«I.  ii.,  1190. 
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with  Carboniferoiis  rocks.  This'  appears  to  be  verj  like  the 
Arkansas  dikes  and  Mr.  Derby^  who  has  looked  over  the  slides 
of  the  Arkansas  rooks  in  the  Cornell  laboratory  with  the  writer, 
pronounces  them  to  be  very  like  the  Brazilian  varieties  and  to 
differ  from  the  latter  only  in  the  greater  amount  of  biotite  which 
they  contain. 

A  series  of  the  Brazilian  rocks  was  sent  to  Prof.  Rosenbusch 
and  by  him  entrusted  to  F.  Fr.  Graeff  "^^y  but  nothing  especially 
in  regard  to  the  dikes  has  as  yet  been  published  by  him. 

Very  recently  the  paper  by  Hunter  and  Rosenbusch  f  cited 
above  lias  appeared  and,  while  in  the  main,  it  is  intended  to 
establish  the  general  counection  of  these  basic  dikes  with  eleolite 
syenites,  it  gives  a  very  full  description  of  those  from  Brazil. 
Their  many  points  of  affinity  with  the  Arkansas  dikes  have 
already  been  commented  on. 

As  the  result  of  field  work  done  years  before,  the  existence 
of  a  great  dike  of  some  eruptive  rock  near  Beemerville,  in 
northwestern  New  Jersey,  was  noted  in  the  New  Jersey  report 
for  1868,  p.  144.  This  was  visited  in  1881  by  B.  K.  Emerson 
and  a  description  was  published  in  1882.^  Emerson  mentions 
some  stray  pieces  of  a  fine-grained,  brownish  black  eruptive  rock 
filled  with  scales  of  mica,  which  show  nepheline  in  the  thin  sec- 
tion. Other  bodies  in  place  are  mentioned  in  the  New  Jersey 
Annual  Report  for  1882,  p.  67,  and  these  led  the  writer  (J.  F. 
Kemp)  to  visit  the  region  in  1888  and  to  study  them  in  the  field. 
As  a  result  a  description ||  was  published,  but  since  the  rocks  are 
almost  always  excessively  altered  and  impregnated  with  calcite 
it  is  difficult  to  determine  what  their  original  condition  was. 
They  were  shown,  however,  to  consist  of  abundant  large  crystals 
of  biotite,  of  rather  less  frequent  idiomorphic  augite  in  two  gen- 
erations, of  magnetite  and  apatite,  and  ot  some  plagioclase,  which 

■•^CirAeflr,  Franz,  Fr.,  MiDeralogisch-petrographische  Unteraachang  too  Elfolite-cyr- 
nitou  \on  der  Serra  de  Tingua.    N.  Jahrb.  fQr  Min.,  Jahrgang,  1887,  Band  II.,  p.  222. 

f  M.  Hunter  and  11.  Raseobuscb,  Ueber  Monchiquit,  eia  Camptooitliehes  Ganggwuia 
au>  der  (jefolgscbaft  der  ElXolitbsjeoite.    Mln.  u.  Petr.  Mitt.,  Band  XI.,  1890,  p.  4^5. 

;  Kiiierson,  B.  K.,  On  a  great  dike  of  Fujaite  or  EleeoUte-Sjenita  catting  the  Hudioa 
invf  r  Shales  in  nurthwestern  New  Jersey,     Am.  Jour.  Scl.  Series  8,  Vol.  XXIII.,  1882,  p.  Stt. 

[  K«>mp.  J.  F.,  Go  Certain  Porpbyrlte  Bosses  in  northwestarn  New  Jersey.  Am.  Jour. 
Soi.  Seiies  :5,  Vol.  XXIII.,  18W,  p.  LSO. 
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could  be  distinguished  in  the  groundmass.  The  writer  was 
unable  to  satisfy  himself  of  the  presence  of  uepheline,  although 
strongly  suspecting  it,  and  hence  from  the  Paleozoic  surround- 
ings of  the  rocks  they  were  called  porphyrites.  It  must  be  ad- 
mitted that  the  age  of  intrusion  of  the  syenite  cannot  be  definitely 
stated  and  that  all  that  appears  is  that  it  is  later  than  the  Hudson 
River  and  Oneida  stages.  The  great  basicity  of  the  rocks,  as 
.shown  by  analysis  makes  their  affinities  with  the  porphyrites 
improbable  and,  as  certain  of  the  slides  show  the  strongest  anal- 
ogies with  the  Arkansas  dikes,  all  these  rocks  clearly  belong  in  the 
same  category.  Prompted  by  the  preparation  of  this  paper  the 
ivriter  again  visited  the  New  Jersey  region  and  spent  nearly  a 
ireek  in  field  work.  Several  new  outcrops  of  the  basic  rock  were 
found  and  it  was  clearly  seen  to  be  associated  with  the  eleolite 
syenite  and  to  have  come  out  on  the  eastern  side  of  it,  either 
'olose  alongside  or  penetrating  the  shales  a  mile  or  two  away. 
That  other  dikes  of  somewhat  difierent  character  occur  six  or 
seven  miles  away  will  be  shown  in  a  later  contribution.  So  far 
as  can  be  judged  the  dikes  or  bosses  in  the  neighborhood  of  the 
syenite  are  nearer  like  the  Arkansas  dikes  than  any  rocks  yet 

discovered. 

In  1885  J.  E.   Wolff  announced  in  the  Ncues  Jahrbuch 

{Vol.  I.,  of  1885,  p.  69)  certain  nephelinc  rocks  of  great  interest 
from  the  Crazy  Mountains  of  Montana  and  subsequently  pub- 
lished a  detailed  description  of  them.*  The  rocks  form  dikes  in 
Cretaceous  sandstone  and  consist  usually  of  augite,  biotite,  neph- 
eline,  plagioclase,  magnetite,  olivine  and  haiiyne.  They  appear 
to  have  considerable  in  common  with  those  described  above,  as 
lor  example,  the  large  augites  and  biotites  whose  mineralogic 
properties  are  closely  related  to  those  described  here.  But  there 
are  other  differences,  such  as  the  presence  of  plagioclase  and  the 
fact  that  the  rocks^  so  far  as  known,  are  not  associated  with 
«leolite  syenites. 

In  the  report  of  the  Geological  Survey  of  Canada  for  1863t 

«  Wolir,  J.  E.,  NoteM  on  the  PetroKruphy  of  the  Crazy  Mountain!  and  other  localities  in 
Montana  Territory.    Northern  Transcouiincntal  SurTey. 

t  Acknowledginvnta  are  here  made  to  Mr.  F.  D.  Adamt  of  McGill  College,  Montreal,  for 
a  very  kind  reply  to  inquiriett  respecting  these  rocks  and  for  sereral  sptclmens  for  ooniparison . 
In  thio  sections  the  i«pecimcn.'<  .tent  are  not  rery  like  the  Arkansas  dikes  and  resemble  more 
tAoself  trpfoal  cMoaptoulte!*, 
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p.  665,  T,  S.  Hani  mentions,  of  course  with  no  microscopic  de* 
scriptions,  as   occurring   near  Montreal,  trachytes,   phonolites^ 
diorites  and  dolerites.     In  the  report  for  1877-78,  p.  429,  B.  J. 
Harrington   adds    an   analcite-bearing    rock    or    tesohenite  to 
the    above.       These  rocks    have  since    been     investigated   by 
Harrington    and    Adams    and  further   descriptions  are  to    be 
expected.     Rosenbusch   mentions  (Massige  Gesteine  p.  90)  the 
occurrence  of  eleolite  syenite  near  Montreal.     A.  Lacroix  has 
printed  a  note  in  the  Comptes  Rendus  for  June  2,  1890,  p.  1152> 
entitled,  ''Sur  la  Syenite  clseolithique  de  Montreal  (Canada)  et 
sur  les  modifications  de  contact  endomorphes  et  ezomorphes  de 
cette  roche.'^     Lacroix  mentions  as  cutting  Trenton  and  Chaiy 
limestones,  hornblende    and  mica  diabase  and   olivine  gabbro^ 
which  contain  at  times  enough  nepheline  and  sodalite  to  occasion 
a  passage  into  teschenite,  in  the  sense  of  Fouque  et  Levy.  Afler 
these  basic  rocks  the  eleolite  syenite  was  formed   and  both  are 
cut  by  narrow  dikes  of  what  are  called  porphyriteS|  indading 
mica  porphyrites,    augite  mica  porphyrites    (cf.    New    Jersey)^ 
hornblende  porphyrites,  augitites,  and  finally  nephelinites  with 
iegirite  and  secondary  zeolites.     Of  these  dikes,  nothing  further 
than  mere  mention  is  made,  except  that  rolled  boulders  of  them 
are  found  in  a  neighboring  Lower  Helderberg  conglomerate,  t 
feet  that  helps  to  fix  the  age  of  their  formation. 

For  two  seasons  the  writer  under  the  auspices  of  the  U.  8. 
Geological  Survey  has  been  engaged  in  studying  and  mapping 
the  dikes  which  occur  very  abundantly  around  Lake  Champlain 
40  to  100  miles  (64  to  160km)  south  of  Montreal.  These  are 
mostly  diabases,  camptonites  and  non-feldspathic  monchiquites. 
In  the  southern  portion  of  this  area,  the  camptonites  are  chiefly 
found,  while  to  the  north  are  the  monchiquites.  These 
may  in  all  probability  be  regarded  as  an  outlying  mto- 
ifestation  of  the  eruptive  activity  which  had  its  .  chief 
development  at  Montreal  and  as  furnishing  another  illus- 
tration, if  this  view  be  a  correct  one,  of  the  distance  to 
which  such  a  manifestation  may  extend.  On  Lake  ObampUin 
they  are  60  to  100  miles  (96  to  160km)  and  more  south  of  the 
main  eruptive  area.  Quartzless  and  quartz  porphyries  (Bostonite?) 
occur  with  them  in  great  development. 
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The  Montreal  area  is  being  studied  by  Harrington  and 
Adams  from  whom  future  detailed  descriptions  may  be  expected 
«8  stated  above. 

Eleolite  syenite  is  known  at  Litchfield,  Me.,  and  at  Salem, 
Mass.,  and  the  entire  New  England  coast  in  this  region  is 
seamed  with  dikes  *  but  as  they  are  widespread  and  abundant 
and  the  eleolite  syenite  very  subordinate,  it  would  hardly  be 
Justifiable  to  connect  all  or,  with  our  present  knowledge,  even  a 
few  of  them  with  it.  Such  relations  may,  however,  appear  in 
the  fata  re. 

Brogger  mentions  in  his  recent,  exhaustive  monographf  on 
the  minerals  of  the  Norwegian  syenite  pegmatite  dikes,  that 
dikes  of  basic  rock  occur  which  are  the  youngest  of  the  series. 
He  mentions  (p.  79)  diabase,  diabase-porphyrite,  proterobase,  and 
proterobase-porphyrite.  These  rocks  are  more  fully  described 
in  his  earlier  work :  Die  Silurischen  Etagen  2  and  3,  where  they 
-are  said  to  be  rich  in  plagioclase. 

Dikes  called  originally  melilite-basalt  by  Tornebohm  X 
were  annoanced  in  1882  from  the  island  of  Alno  and  vicinity 
mod  likewise  occur  in  close  relation  to  eleolite  syenite.  The 
melilite  rook  has  since  been  named  alnoite  by  Rosenbusch.  Its 
-oiose  resemblence  to  ouachitite  has  already  been  emphasized. 

Greenstone  dikes  are  casually  mentioned  in  one  of  the 
papers  on  the  Ditro  eleolite  syenite,  cited  by  Koch||  but  are  not 
described.  So  far  as  is  known  to  the  writer,  they  are  yet  to  be 
recorded  from  the  Greenland  area,  for  Yrba  makes  no  reference 
to  sooh  dikes.  § 

The  nepheline  and  melilite  rocks  from  Greenland  described 
by  Tornebohm^  were  from  loose  blocks  of  which  the  field  re- 
lations have  not  yet  been  definitely  stated. 

*Kcmp,  J.  F.,  Dikes  near  Keiinebunkp<»rt,  Me.;  American  Geologbt,  March,  Ikw. 
CilaUoBS  to  the  local  literature  are  niren, 

t  Brdg/ffit,  W.  C.f  Die  Minuntlien  der  SyenitpegmatitgSngo  der  Sud-norwrgiiclien 
Aoffft-  and  NephelinajenKginge.    Published  as  Vol.  XV[.,  of  the  ZeiUchr.  f.  Kryst.,  1890. 

}  Cited  from  the  original  Swedish  to  RoscnbuM'h,  Ph7sii>g.  der  Massigen  (>< stein,' pp 
••4  end  800. 

I  Koeh,  A.,  M.  Jahrb.  Mi  ton  1.    Jahrg.,  1A80,  Band  I. 

i  Vrbe,  K.a  BeitrSge  s  ir  Keimtniss  der  Geslelne  8ud-<ironlHndi,  SiUungjvb.  der  Aka- 
ileder  WiaMnaeh.  aa  Wein.  LXIX.,  1874,  I. 

fOttdfrom  th^Swdlah  iu  Rosenbusch,  Phyftlographle  ^Vet  UaM\«^Ti  C%«sV«\Tx%,^.'^Vk 


4$H  ANNUAL  RBPOBT  STATE  OEOLOQIST. 

From  this  widely  distributed  and  well-nigh  universal  as* 
sociatien  of  very  basic  rooks  with  eleolite  syenite  we  mast  infer 
that  there  is  some  underlying  geoetic  relation  between  the  two. 
The  syenites  appear  in  most  cases  to  precede,  but  this  is  not 
always  true  in  Arkansas,  and  in  New  Jersey  the  relative  age  is. 
not  apparent.  It  is,  to  say  the  least,  a  striking  phenomenon 
that  two  such  sharply  contrasted  magmas  should  occur  in  such 
close  proximity,  the  one  being  so  subordinate  in  amount  to  the 
other. 

Rosenbusch*  attributes  the  occurrence  of  these  widely  dif^ 
ferent  rocks  to  the  splitting  up  of  what  he  designates  as  the 
foyaite  magma. 

The  work  of  collecting  specimens  and  noting  the  occurrence 
of  the  dikes  lying  outside  the  syenite  areas  was  done  by  J.  C. 
Branner,  E.  C.  Buchanan,  T.  B.  Comstock,  L.  S.  Oriswold,  R. 
A.  F.  Penrose,  Jr.,  J.  P.  Smith,  R.  A.  Whitmore,  J.  F.  Williams, 
and   Arthur  Winslow.     Those  within  or  very   near  the  syenite 
areas  were  gathered  principally  by  J.  F.  Williams,  under  whose 
charge  the  work  has  been.     Most  of  the  thin  sections  have  been 
made  and   the  petrographic  investigation  done  in  the  Geologi- 
cal   Labratory    of  Cornell    University,    Ithaca,    New    York. 
Seventy- five  sections  were  made  in   all,  ten  of  which  were  pre- 
pared  by    Dr.   R.    N.   Brackett  of  the  Geological    Survey  of 
Arkansas. 

<<  Uebcr  die  cbeiuisschen  Beziebungen  der  erupt iTgesteine  by  li.  RoseDbusrb.    Mineral* 
UHd  IVtrogriph.  Mittbeil.,  Band.  XI.,  1889,  p.  144. 


CHAPTER  XIII. 

Tabulation  of  the  Dikes  of  Igneous  Rock  of  Arkansas, 
by  J.  F.  Kemp  and  J.  Francis  Williams. 

This  tabulation  presents  in  a  condensed  form  the  chief 
points  of  interest  concerning  the  occurrence  and  the  more 
important  petrographic  characteristics  of  the  dikes  of  igneous 
rock  in  Arkansas. 

The  dikes  are  arranged  in  a  geographic  order  beginning 
with  that  one  which  lies  furthest  north  and  then  proceeding 
southward  taking  each  range  of  townships  and  considering 
under  each  of  these  first  those  lying  at  the  extreme  west  and 
then  those  further  to  the  east  until  all  in  that  range  of 
townships  have  been  discussed.  The  only  exceptions  to  this 
rule,  that  have  been  made,  occur  in  cases  where  the  dikes 
are  represented  on  the  special  maps ;  in  such  cases  all  the 
dikes  on  one  map  are  kept  together  regardless  of  the  town- 
ship in  which  they  occur. 

The  fact  is  here  again  emphasized  that  this  table  con- 
tains, and  from  the  nature  of  the  case  can  only  contain,  a 
small  proportion  of  the  dikes  which  exist  in  the  state.  As 
far  a*s  these  are  at  present  known  to  the  survey  they  are 
here  tabulated. 

The  columns  need  very  little  explanation  additional  to 
that  given  in  the  headings,  but  attention  is  called  to  the 
following  points : — 

After  dike  57  the  column  in  which  the  township  and 
range  are  given  is  omitted  for  in  all  the  special  maps  no  two 
sections  of  the  same  number  occur  and  no  confusion  can 
arise  from  the  omission  of  township  and  taxi^^. 
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After  the  same  number  of  dikes  the  columD,  in  which  is 
recorded  the  name  of  the  man  who  first  reported  the  dike, 
is  omitted,  for  all  of  the  dikes  (with  the  exception  of  dikes 
68  to  64  inclusive,  in  which  cases  the  fact  is  especially  noted 
in  the  '' location''  column)  were  found  and  described  by  J. 
Francis  Williams. 

The  cohimn  containing  the  name  of  the  man  by  whom  the 
microscopic  petrographic  descriptions  of  the  several  rocks  were 
made  contains  a  large  number  of  blank  spaces,  showing:  that  ia 
those  cases  no  micrSscopic  examination  was  made  and  that  the 
petrographic  character  and  name  of  the  rock  were  determined 
macroscopically  by  the  finder. 

As  compactness  is  an  essential  in  such  a  table,  the  descrip- 
tions of  localities,  occurrence  and  petrographic  characteristici 
have  been  made  as  short  as  possible,  and  in  some  cases  the  clear- 
ness may  have  suffered    from  too  great  brevity  in  description. 

The  insertion  of  the  small  cuts  in  the  ^'location  column''  has 
been  made  in  order  to  express  more  easily  and  concisely  than 
could  be  done  in  words  the  relative  positions  of  the  dikes  in  the 
banks  and  cliffs  in  which  they  occur.  The  cuts  are  to  be  con- 
sidei'ed  simply  as  diagrammatic  representations  oF  the  positions 
of  the  dikes,  and  are  of  such  a  nature  that  the  actual  appearance 
of  the  face  of  the  cliff  has  in  most  oases  had  to  be  modified  in 
order  to  bring  out  the  points  desired. 

The  punctuation  has  been  omitted  from  the  table,  partlj 
for  the  sake  of  compactness  and  partly  from  the  fact  that  ordi- 
nary fonts  of  type  do  not  contain  punctuation  marks  in  sufficient 
quantities  to  allow  of  their  proper  use  in  this  large  table.  The 
omission  of  periods  after  single  initial  letters  will  cause*  but 
little  confusion,  but  in  the  description  of  localities  aud  especi- 
ally in  the  petrographic  descriptions  the  substitution  of  commas 
for  colons  and  semicolons,  and  the  entire  omission  of  the  commas 
from  the  sentences  where  they  are  necessary  to  bring  oat  the 
sense  may,  at  first,  occasion  some  confusion,  but  if  the  fact  of 
these  substitutions  and  omissions  is  born  in  mind  no  misconcep* 
tion  of  the  meaning  need  arise. 
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CHAPTER  XIV. 
Scheme  of  Arrangement  and  General  Conclusions. 

It  appears  from  the  foregoing  description  of  the  igneous 
rocks  of  Arkansas  that  they  embrace  many  forms  of  eleolite 
syenite  and  its  accompanying  rocks  which  have  not  been  found 
elsewhere  in  the  world,  or,  if  found,  are  so  poorly  exposed  and 
occur  so  sparingly  that  they  have  been  but  little  studied. 

So  far  as  the  rocks  of  Arkansas  correspond  with  those  de- 
scribed by  Brogger  in  Norway  or  those  described  by  Macha'do, 
'GrsefiFy  Derby  and  Hussak  from  Brazil,  or  by  van  Werveke  and 
others  from  Portugal,  names  similar  to  those  used  by  those 
writers  have  been  adopted,  but  in  many  cases  no  names  have  as 
yet  been  suggested  which  apply  to  certain  types  occurring  in 
Arkansas. 

The  name  eleolite  syenite  has  been  restricted  in  this  report 
to  the  holocrystalline,  granitic,  abyssal  rocks  and  the  dike  rocks 
have  been  sharply  separated  from  them. 

When  the  structure  of  the  dike  rocks  approaches  that  of  an 
abyssal  eleolite  syenite  the  rock  has  been  called  an  eleolite  syenite 
dike  rock,  (Elaolithsyenit  Ganggestein)  in  the  same  sense  that 
Bosenbusch  (Mikroskop.  Physiog.  Vol.  II.,  p.  279)  uses  the 
name  granitic  dike  rocks  (Granitische  Ganggesteine). 

In  all  these  rocks  feldspar  and  eleolite  are  the  important 
and  characteristic  constituents. 

These  dike  rocks  have  been  subdivided  both  according  to 
their  structure  and  the  minerals  which  they  contain  and  the  fol- 
lowing varieties  have  been  established. 

Miaroliiio  eleolite  syenite  dike  rock  (p.  90)  which  is  a  miaro- 
titio  dike  rock  containing  eleolite  but  no  quartz. 

MiarolUic  quartz  syenite  dike  rock   (p.  93)  which   contains 
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quartz  (usually  secondary)  and  is  decidedly  miarolitic  in  struc- 
ture. 

Pegmatitic  eleolite  eudialyte  syenite  dike  rock  (p.  239)  which 
consists  of  large  pegmatitic  crystals  and  closely  resembles  some 
of  the  dikes  described  by  Brogger. 

Putaskiie  {Trachytic  hornblende  {augiie)  syenite  dike  rock)  (p. 
57)  in  which  the  trachytic  structure  is  brought  out  by  the 
form  of  the  feldspars  and  in  which  hornblende  is  more  impor- 
tant than  augite,  but  which  in  other  respects  resembles  Brog- 
ger's  laurvikite  very  closely. 

Trachytic  eleolite  syenite  dike  rock  (p.  83)  which  in  macro- 
scopic appearance  resembles  Brogger's  nordmarkite.  This  rock>. 
according  to  its  constituents  and  structure,  would  fall  under  the 
group  designated  by  Brogger  as  foyaite  (a  name  not  used  by  the 
writer). 

Trachytic  eleolite  cancrinite  syenite  dike  rock  {Diamond  Jo 
type)  (p.  233)  is,  as  its  name  expresses,  a  dike  rock  containing 
besides  feldspar,  eleolite  and  cancrinite  among  the  light  colored 
silicates. 

The  next  class  of  rocks  consists  of  the  truly  porphyritic 
rocks  which  are  grouped  as  follows: — 

Eleolite  porphyry  which  is  restricted  to  a  truly  porphyritic 
form  of  eleolite  syenite  in  which  the  eleolite  forms  the  phenocrysts 
and  orthoclase  is  of  only  secondary  importance.  These  have 
been  subdivided  according  to  the  dark  colored  silicates  which 
thfy  contain.  They  possibly  consist  of  both  dike  and  border 
types,  but  are  for  the  pre^^ent  included  under  one  head,  since  no 
specimens  have  been  found  sufficiently  typical  of  either  class  to 
allow  of  a  sharp  distinction  between  the  two. 

Eleolite  tingudite  which  is  macroscopically  still  more  por- 
phyritic than  the  eleolite  porphyry  in  its  appearance  and  in 
many  respects  resembles  the  phonolites.  It  is  characterized 
by  the  phenocrysts  of  orthoclase,  the  eleolite  in  the  groundmasa 
and  the  holocrystalline  and  in  many  cases  panidiomorphic 
character  of  the  latter.  The  line  between  it  and  the  eleolite 
porphyry  is  drawn  with  reference  to  the  phenocrysts  which  the 
rocks  contain  and  the  structure  of  the  groundmasses. 
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Two  types  of  eleolite  tingadite  are  reoognized,  namely,  the 
dike  type  and  the  border  type^  but  the  distinction  is  one  of  occur- 
rence and  not  one  of  structure. 

Among  the  leucitic  rocks  no  trule  abyssal  forms  api)ear,  but 
the  dike  form  corresponding  to  the  trachytic  eleolite  syenite 
dike  rock  (Diamond  Jo  type)  occurs  associated  with  the  latter. 
This  leucite  rock  is  designated  in  this  report  as  leuoite  syenite 
dike  rock  in  order  to  emphasize  the  similarity  between  it  and  the 
Diamond  Jo  type  of  eleolite  rock.  It  is  characterized  by  the 
phenoorysts  of  pseudoleucite,  eleolite  and  feldspar.  The  pseu- 
doleucites  are  more  prominent  than  the  two  other  light  colored 
constituents.  The  rock  in  some,  cases  approaches  very  closely  to 
a  leucite  porphyry  and  in  other  cases  has  the  structure  form  of  a 
true  abyssal  rock.  The  transition  is,  however,  so  gradual  and 
so  local  that  the  separation  into  the  two  groups  has  not  been 
made  in  this  report  and  this  rock  is  all  classed  under  the  head  of 
leucite  syenite  dike  rock. 

Leucite  tingudite  is  similar  to  the  eleolite  tingudite  except 
that  as  in  the  preceding  case  the  pseudoleucites  are  the  most 
characteristic  phenocrysts.  The  rock  has  much  the  appear- 
ance of  a  leucite  phonolite,  but  differs  from  it  in  the  same 
way  that  the  eleolite  tingudite  differs  from  the  eleolite  phon- 
olite.  The  leucite  tinguaite  consists  of  a  dike  type  and  bor- 
der type  which  differ  from  each  other  in  the  structure  of  the 
groundmass.  The  dike  type  shows  a  certain  amount  of  fluidity 
in  the  groundmass  while  the  border  type  is  perfectly  non- 
fluidaly  and  is  holocrystalline  with  a  tendency  to  panidio- 
morphism  in  its  constituents. 

JEgirite  tingudite  (p.  867)  macroscopically  resembles  the 
eleolite  tinguaite  very  closely  but  differs  from  it  in  that 
microscopically  no  eleolite  is  visible  in  the  groundmass.  The 
feldspar  is  in  large  tabular  crystals  and  is  the  only  impor- 
tant  phenocryst.  The  base  consists  principally  of  minute 
feldspar  and  segirite  crystals. 

The  peridotite  forms  a  distinct  type  of  rock  and  its  char- 
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acteristica    have   been  stadied  and  described  (see    chapter 
XI.)  by  R.N.  Brackett. 

The  augitic  dikes  belong  to  the  monchiquite  group  and 
among  them  are  some  rocks  which  contain  olivine  and  others 
in  which  it  is  wanting.  A  complete  scheme  of  subdivisions 
for  this  group  is  given  on  p.  892. 

From  what  has  already  been  stated  in  regard  to  the  various 
regions  it  is  seen  that  in  all  probability  these  igneous  outbursts 
all  took  place  about  the  same  time  and  that  although  successive 
and  distinct  periods  of  igneous  activity  are  recognizable  in  each 
of  them  they  are  chronologically  not  very  far  removed  from 
each  other. 

The  evidence  at  hand  points  to  the  subsidence  at  the  end  of 
the  Cretaceous  period  as  the  time  when  these  eleolite  rocks  were 
intruded.  The  country  as  far  north  as  the  mouth  of  the  Caddo 
in  Clark  county  was  submerged  during  the  Cretaceous  period 
and  was  covered  with  Cretaceous  deposits.  (See  map  in  An. 
Bep.  for  1888,  Vol.  II.)  It  was  then  again  depressed  until  all 
that  portion  of  the  state  lying  along  and  east  of  the  St.  Louisi 
Iron  Mountain  and  Southern  Railway  was  under  the  Tertiary  sea 
and  was  covered  with  Tertiary  material.  The  igneous  rocks 
were  probably  intruded  during  this  subsidence  for  it  is  natural 
to  assume  that  by  a  subsidence  of  the  land  a  pressure  would  be 
exerted  upon  the  molten  material  below  and  that  when  cracks 
were  formed  by  the  sinking  of  the  Paleozoic  rocks  the  igneous 
material  would  force  its  way  up  into  or  through  them.  It  is 
probable  that  this  intrusion  of  igneous  material  began  early 
during  this  subsidence  and  lasted  until  near  its  close,  so  that 
some  of  the  rock  was  intruded  either  while  the  Paleozoic  rock 
which  covered  it  was  under  the  Tertiary  sea  or  else  but  very 
shortly  before  that  time. 

The  geographic  distribution  of  the  syenitic  rocks  describ- 
ed above  is  shown  at  a  glance  by  an  inspection  of  the  fol- 
lowing table: — 
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LI6T  OF  ABBREVIATIONS. 


vKegiri.  tiug.,  tegirite  linguaite. 

Ampb.  moDch.,  amnhibole  nionchiquite. 

Amph.  ouach  ,  arophibole  ouachitiie. 

<^mpt.,  campionit*'. 

El.  eudialitf  sy.,  el^^'lite  ecdialyte  syenite. 

El.  garnet  sy.,  ele«»IU^  gurnet  syenite. 

El.  mica  sy.,  eleolyte  mica  M>eniie. 

El.  porph  ,  eleolita  porphyry 

El.  sy.,  eleolite  Byenite. 

El.  sir.  dike  rock.,  eleolite  syenite  dike  rock. 

El.  tiDg.,  eleoli  e  tinguaite, 

fourch.,  fourchite. 


Lamph.,  larijprophvr. 

Leuc  p<jrph.,  leucite  porphyry. 

Leuc.  sy.  dike  rock.,  leucite  syenite  dike  rock. 

Leuc.  ling.,  l*>uciie  tiuguaite. 

MoDch.,  nionchiquite. 

Miaro.  el.  sy.,  miarolitic  eleolite  syenitt*. 

Miaro.,  qu.  sy.,  miarolitic  quartz  oyenite. 

OuHch.,  ouachitite. 

Porph..  porphyry. 

Porph.  sy.,  porphyritio  syenite. 

Qu.  sy.,  quartz  syenite. 

Ting.,  tinguaite. 


Absorbtiveness  of  rock 47-48,  73,  85,  90, 132 

Achmatow  mine,  Russia,  vesuvianite  from 337 

Acmite  from  Norway,  analysis  of 250 

Adams,  F,  D.,  specimens  from .' 4r3 

.£girite,  analysis  of  Magnet  Cove  specimen  250 

Norwegian  specimen 250 

early  history  of 248 

in  «g.  ling.  369,  Cont.  rock  160,  El.  eud.  sy.  248-250,  El.  sy,  77,  8",  1:58,  El.  sy. 
dike  rock  236,  237,  El.  sy.  pegmatite  dike  143,  El.  ting.  352,  Leuc.  sy.  dike  rock 
275,  I^uc.  tinK.  279,  280,  281,  283,  289,  Pulask.  68,  Ting.  102,  noted  in  Magnet  Cove.  249 

.iCgirite  tinguaite,  analysis  of  Arkansas  material 370 

analysis  of  Norway  material 287,  370 

de.Hcri»>ed,  Border  type  149-1.50,  Dike  type  146-7. 

dikes .%7-37S 

Hot    Springs 367-361 

Hominy  Hill 371-373 

likeness    to  rhomben-porphyr 147 

minerals  in...., 1-16-7.  149-150,  369-378 

use  of  name  in  this  report 480 

Ag<^  of  Igneous  rocks  in   Arkansas 3,  48,  123,  348,  365,  386-393,  431 

Ainigmatitein   Pulaakite 64 

Albite  microperthiiic  intergrowlh  of 91 

Aldrich,  A.  B.,  assistance  from 368 

Allis  Mountain 19,  26,  30,  36,  72,  90,  106,  114,  118,  122 

Alno,  Sweden,  dikes  on 405 

A  Indite  named» 405 

similarity  to  ampb.  moncb 295,  398 

AIpe  Ciaplaja,  pseudomorphs  from 115 

28  Geological;  Vol.  ii.,  1890. 
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Amphibole  (tee  ako  borDbleode) 

in  amph.  monch.  152,  292,  Coot,  rock  297.    El.  bj.  78, 184-5,    El.  87.  pegmat.  dikes 

87, 144.    Miaro.  el.  87.  dike  91. 

Porph.  B7. 141,  Pulaak.  68-65.  Ting  108, 

biotiie  moDchiquite „ «, 109 

fourchite,  anal78iaof.. „..  228 

described........ ^ 110 

moDchiqoite,  anal78is  of- 296 

appearance  of 155 

minerals  in ^ 151-153,292-294 

occarreoce  of- ^ 109, 151,  185,  291 

ouacbitiie  described « 110-114 

minerals  in- 112-118 

tendeoc7  towards- ^ 898 

Analcite  in  El.  87.  78,  El.  87.  dike  rock  87,  Pulask.   68-69. 

Anal7Mi8  uf  acmite  250,  i¥^irite  250,  iE^r.  Ung.  287,  370,  Air  18^. 

Ampb.  fourch.  228,  Ampb.  moncb.  Ill,  295,  Apatite  221. 

Biotite  211,  Blue  granite  89,  Brooklte  (Arkansite)  808,  309. 

Camptonite  111,899. 

l>etrital  material  83,  D78anal7te  334. 

Eleolite  210,  271,  288,  El.  felaite  263,  El.  mica  87.  (ligbt)  226,  228,  EI.  mica  87. 

(dark)  227,  228,  El.  porpb7r7  261,  El.  87.  81,88,  El.  sy.  dike  rock  88,  238, 

276,  El.;i7.(orthocla8tic)  185,  El.  87.(plagiocIa8tic)  189,  £1.  ting.  266,Eudial7te 

247. 

Fourch.  108,  111,  Foyaiie  81. 

Haa7ne  (Iheor.)  288,  Hydrotitanite  335. 

Kaolin  82,  Kryi.topertbite  59,  60. 

Laurdalite   81,   J>Riirvlklte  70,  Leucite  (altered)  273,  Leuc.   S7.  dike  rock  276, 

Leuc'  ting,  (total  analy.)  287,  Leuc.  tiag.  (partial   aoaly  )  267,  Lodestone  219. 

Manganopectolite  254,  ihid.  (recalculated)  255,  Metamorpbosed  rock  302,  Micro- 

clinc  240,  Mlcrocline  micropertbite  76,  Monch.  Ill,  399,  Monticellite  340-1. 

Natrolite  252,  253,  Natroxonotlite  (recalculated)  358,  ihid.  (theor.)  358,  Nepbe- 

linsyenit  81,  Nordniurkite  89. 

Ortboclase  270,  360,  Ouach.  228,  399,  Ozarkite  223. 

Pectolite  (tbeo.)  255,  Peridot.  383,  885,  Perofskite  834,  Pikrite  porpbyrite  111, 

Pot.  and  sod.  in  Pot.  Sulpb.  water  363,  Protoverniiculite  211,   225,   Pseudo- 

leucite  (total  and  partial  analy.)  270,  273,  Pulask.  (fresh)  70,  81,  88,  (part  de- 

comp.)  70. 

Quartz  87.  dikes  (coarse)  96, 09,  (fine)  99. 

Schorlomite  214,  215,  216,  Shale  263,  Sodalite  (theor.)  288,  Sulpb.  h7drogen,  868, 

Sy.  (decomp.)  82. 

TiUnite,  251,  Total  solid  matter  in  Pot.  Sulpb.  spr.  water  364. 

Vesuvianite,  338. 

Watt^r  from  Pot.  Sulpb.  Sps.  862,  Wollastonite  856,  357. 

Xonotlite  356  (theor.)  358. 

Andrews,  Dr.,  cited 8 

Anortbite  (plagloclase)  in  ampb.   moncb 297 

Antiquarian  Society  of  Little  Rock 12,34 

Apatite  analysis  of 221 

confused  with  ozarkite 221 

in  wgiri.  ting.  370,  Cont.  rock  Pot.  Sulpb.  Spr.  855,  El.  garnet  sy.  231,  El.  mica  sy. 

220-221,  Itl.  porjib.   149,   El.  sy.  78,135,   189,  El.   sy.  dike  rock  87,  MeUcnlcite  835 

Miaro.  ny.  dikes  92,  Ouach.  395,  Porph.  sy.  142. 

Aplltic  dikes 145 

Aragonite   pseudoraorphs ^ 818 


INDEX.  435 

ArbonUion  of  Magnet  Oot6  region - ^ „ .^.......m   167-170, 190 

Potash  Sulpbar  Springs  region ^ » S46 

Arbnckle-Wichita  mountain  system ^ 4 

Arohean  rocks  in  adjacent  states « » ^ 4 

JLnnoi  igneous  rocks  in  Arkansas ^ 1 

snrfaoe  coTcred  by  "granite"  in  Fourche  Mountain  r^on ^ 82 

in  Saline  county  region 127 

ArfTedsonite  in  El.  sy.  184-5,  Porph.  sy.  141,  Pulask.  64,  Ting „.^ 108,  104 

Arkansas  state  of „ ^........« 8 

territory  of « ...». 8 

Granite  Company  of  Little  Bock 18,  89 

■Arkansite,  see  brookite ^ «•..« 

Jksbjdrnsrad,  Norway,  tinguaite  from » 287,  870 

Ash-beds,  early  origin  of 843 

occurrence  and  description  of » 873-876 

of  BatesTille  region 378-375 

of  Polk  c  .unty 375-876 

Ashes  wanting  in  Fourche  Mountain  region 123 

in  Magnet   Goto  region 843 

Astropbyllite,  angles  of 159 

in  contact  rock  158,  El.  eudlal.  sy.  dike  rock,  247. 

in  El  Paso  county,  Colorado 160 

tests  of 160,  248 

Angite,  hour-glass  structure  of 107 

in   ampb.  monch.  151,  292,  Amph.  ouach.  112,  Fourch.  107. 
Monch.  853,  Ousch.  895,  Peridot.  881. 

pseudomorphs  after 114-116 

syenite 56,57 

Angitic  dikes  outside  of  syenite  areas  392-106 

use  of  name 431 

rocks  described  by  Kemp 107,892-406 

descriptions  of 100-116,  290-295,  352-354 

occurrence  of 106, 150,290-295,  352-354 

Aassig,  Bohemia,  rocks  compared 37 

Austin,   Texas,  igneous  rocks  near 5 

Axial  ratio  of  eudialyte 248 

of  m  iDganopectolite 254 

Azoic  system 207 

BarkcTikite  in  Pulaskite 64 

Barite  associated  with  peridotite , 380 

Barney,  Joshua,  quoted 18 

Basalt  described  from  Arkansas 12,36,87 

weathered    to  bauxite 125 

Basaltic  hornblende  (tee  hornblende  and  amphibole) 

BatesTille,  ash-bed  near 873-375 

Bauer,  Max,  cited  on  brookite  317,  Pa ramorphs  of  ru tile  after  brookite 317-827 

Twinning  law  of  rutile  3.:6-330. 

Bauxite,  age  of 22 

genesis  of 124-125 

occurrence  of 22,29  31, 124, 162 

Bayley,  W.  S,  cited  on  New  Hampshire  syenite 57 

Beadle,  Rev.  E.  R.  spocimens  from 87,  206,  804,  805,  378 

Aeemerville.  N.J.  ba-nic  dikes  from  described ?. ; 402-408 

camptonite  from,  analyzed 399 

eleolite  porphyry  from. „ , 149 
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Belgtao  blocks.....^*....... ...... M » « » —^ N^ 

Bement,  0.  8.,  minerals  loaned  hj 242, 244, 814 

Btn  Sftude,  Alfredo,  cited  on  peroftkite.. „^ 881-334 

Bentoo,  Ark.,  syenite  near m..  ... 127 

Bergemann,  analysis  by ,^ 278:. 

Benelius,  cited  on  sprite.. 248- 

Biotite  altered  to  protoTermicnlite 211 

analysis  of  decomposed  (protoTermicalite),  ibid,  recalculated 211 

of  fresh  material  from  Mt  YesQTias 21L 

in  ampb.  monch.  108,  Amph.  ouacb.  118,  Cslcite  385,  Contact  rock  117,  297-800,  80S, 
El.  garnet  sy.  231,  £1.  mica  sy.  210-212,  El.  porph.  261,  El.  sy.  77, 188,  El.  sy. 
dike  rock  86, 286,  El.  sy.  pegmatite  dike  144,  El.  sodalite  sy.  850,  El.  tiog.  103, 
266,  Leae.  sy.  dike  rock  275,  Leuc.  tiog.  279,  281,  286,  Miarolitic  el.  sy.  dikes  91, 
Oaacb.  896,lForpb.  sy.  141,  Pnlaak.  61. 

moncbiquite  ^^ » 109- 

pseadomorpb  after  aagite 114 

Black  Hills,  meotioned 207 

Bliss,  Ex-Gov.  0.  C,  help  from 22 

Blocher,  Ark.,  IJmonlteat 219 

Blue  granite  (pulaskite)  absorptiveoess  of 47-49- 

color  of. 40 

effect  of  heat  on 50-51 

hardoe»s  of  (table) » 40-48 

in   Saline  county 129- 

jointing  of 40 

minerals  in  and  structure  of 55-71 

recapitulation  of  physical  qualities 51-54 

relations  to  sedimentary  and  other  igneous  rocks 121 

specific  gravity  and  weight  per  cubic  foot 49 

strength  of  (Uble) «„ 42-47 

structure 89-40 

table  of  qualities  expressed  in  figures 58 

uses  of.. : 54 

weight  per  cubic  foot  of 49 

Blum,  cited  on  pseud,  of  mica  after  augite  115,  Paramorph  of  rutile  after  brookite  820. 

Bonnet,  Algarve,  cited  on  Portuguese  dikes. 400 

Boone  chert 874 

Border  rock,  Porph yri tic  border  rock  see  tinguaite. 

Boricky  cited  on  "vegetable  cellular  structure" 104 

Bostonlte  near  Lake  Ghamplain 404 

Brackett,  Richard  N.  analyses  by,  39  (cited),  83,  88,  89,  96,  99,  108,  111,  264,  276,  287,  889, 

(partial)  356,  357,  360,  863,  864. 

cited  on  perofskite 142 

mentioned 406,  481 

quoted 880-883,888-38!^ 

Brackett  and  Branuer,  J.  C,  paper  on  peridotite 18,  877,  378 

Brackett  and  Smith,  J.  P.,  analysis  by > 70,  81,  288,  383,  286 

Braddock,  John  S.,  quarry  of 30,72,  78 

Braoner,  J.  C. 

analysis  quoted  from „ 89 

Cited  on  age  of  igneous  rocks,  18,  342,  Peridotite  in  Pike  county  378.    Theory  of  production 
and  age  of  ash  bedi  375.    ' 

mentioned 406,  409,  412,  414 

quoted  on  Pike  county  peridotites 878-880,  886-891 

Branner,  J.  C,  and  Brackett,  R.  N.,  paper  on  Peridotite  of  Pike  county  cited ^..18, 877-891 
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Bruil,  AnaljriB  of  monchiquite  110,  399,  Nephelioe  sjenit,  81,  OrthoclMe  from  71-2, 

leadte  tlogaiUte  in ^ 278 

pseudoleucite  form « 274 

Brelthaupt,  A.,  cited  on  brooklte ^ ^ 8"6,  808 

BriDgier,  L.,  cited  on  Arkansas  rocks  and  minerals ^ 9,  84,  218,  224 

cited  on  name  "CoTe  of  Wachitta» „ 163 

firdgger,  W.  C,  cited  on  cegirite  aod  acmite  249-250,  .£girite  tingualte  289,  Astropbyllite  169, 
Barkevikite  64,  Basic  dikes  in  Norway  405.  Cleavage  of  feldspar  75,  Eleolite  66,  £1.  sy. 
56,  Euoolite  257,  Endialyte  248,  Foyaite  85,  429,  Granitic  structure  120,  Laurdali'e  80, 
136,  Laurrikite  66,  429  Mi6rocUne  microperthite  116,  Nephelinrhombenporphyr  100, 
Nephellne  fiy.  pegmatite  dikes  from  Lftven,  97,  Nordmarkite  89,  429,  pegmatite  dikes 
92, 121,  429,  Quartz  syenite,  98,  Ttiickness  of  orerlying  sed.  rocks  120.    Ting.  106. 

names  used  by 428 

works  of  described i ..^ 66 

Brookite  described  by  various  writers 804-822 

distribution  of  at  Msgnet  Cove 184,  206,  822-224 

moir6  metallique  lustre  on ^ 810 

paramorphs  of  rutile  after.. 809-811,  817-222 

source  of 8.'8-324 

Brooks  and  Oox  mentioned 4'0 

JBrown  Granite  (eleolite  syenite  dike  rock)  absorptiveness  of 8.5 

color  and  structure  of «. .     84 

minerals  in  aod  composition  of 85-90 

occurrence  of 89 

relation  to  other  rocks ». ^ ».. 121 

specific  gravity.. » 85 

strength  „ 84-S5 

uses  of ■ 84 

weight  per  cubic  foot. 85 

Srucite  in  eleolite  eudialyte  syenite  dike 253 

Brush,  Q.  J.,  cited  on  "oaarkite" « 222 

minerals  from 811 

Buchanao,  E.  0.,  mentioned... 406,  409 

BOckinKi  H.,  cited  on  brookite  815,  Gla»8  in  basalt  897. 

-Burnet  county,  Texas,  pre-Cambrian  toc^b  io.. 6 

-Calcite  in  iEgir.  ting.  80,  373, 1'onUct  rock  298,  El.  mica  sy.  225,  El.  sy.  dike  rock  87,  288,  Leuc, 
sy.  dike  rock  576,  Ouaeh.  897. 

massive  and  metamorphosed 181,  185,  880,  347,  859 

'  Galdas  de  Moncbique,  Portugal,  snaly.  of  el.  sy.  from ..« 81 

Cambrian,  Lower  Silurian  confused   with 4 

Campo  GrMode  Rrazil,  dikes  at ^ 401 

*Cancrinite  distinguished  from  other  minerals.. 285-6 

in  EI.  garnet  sy.  231-2,  El.  mica  sy.  225,   El.   porphyry,  149,  El.  sy.  dike  rook,  87, 
(primary)  2^-6  (secondary)  237,  Leuc.  sy.  dike  rock,  276. 

Cape  Verd  islands,  anal,  of  el.  sy.  from 81 

Carboniferous,  Silurian  parted  from  liy  ash  bed 375 

Carlsbad  itprQdelstein,  structure  of 125 

Cedar  Glades  described ». » 127 

Cedar  Paik  lociied  .....* ^ „ 127 

rock  from  described^ „ 167 

Cen'rsl  Mineral  Region  of  Texas ^ 6 

Charpentler,  cited  on  pegmatite  dikes 92 

Chatard,  T.  M.,  analysis .«..    886 

Chlorite  pseudomorphic  after  augi'e 116 
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Cbloritic  BubstaocM  in  sgirite  ting.. ^ 872r 

Oh'oropbane  in  el.»7.  dike  rock „ 287 

Clark  county,  older  diTision  of  state 8. 

Clnrke,  F.  W.,  analysis  by „ „ 862 

Clevelaodite  reported  by  Owen Z6- 

Cleopatra'tf  needles,  material  of /. ^„ 17" 

Goal,  occurrence  of  in  Arkansas & 

Coal  measures,  location  of  in  Arkansas 8: 

in  Indian  Territory., „ 4 

Colorado,  central  plateau  of «„    207" 

Comstock,  T.  B.,  cited  on  Texas  rock  6,  Little  Bock  igneous  rocks,  17-18,  38, 
Magnet  Cove  rocks  208,  219. 

mentioned  „ 880,  406,  409,  412- 

Contact  minerals  from  Magnet  Ooy& 808-341 

frvm  Potash  Sulphur  springs 254-361 

Contact  rock,  black  stain  on.. US- 

of  Foarche  Mt.  region  described 22. 116-119' 

of  Magnet  OoTe  region  described 296-^03. 

of  Potash  Sulphur  Springs  r^on  described „ 354-^61 

of  Saline  County  r^ion  described.. 157-161 

•light  alteration  in  some  cases^ ^ » 1 1^ 

Conway,  State  Surveyor,  cited  on  declination  at  Magnet  Cove na 

Copper,  native - ^ 

Comeans  of  W.  B.  PowelL 12.  36. 

Cornelius,  Rev.  M  ,  cited  on  minerals  from  Magnet  Cove » ^ 

Cove  Creek  station  (Lecroy) » 164-165- 

Cove  of  Wachitta 9,  168. 

Cox,  E.  T.  cited  on  granite  on  Spavinaw  Creek , 14 

Crazy  Mts.,  Mont,  dikes  from  ....: », 40& 

Cre  aceous  period,  as  time  of  intrusion  of  igneous  rooks 8, 123,  843,  287-391,  431 

Cretaceous  rocks  in  Arkansas  and  Texas & 

in  Pike  co«nty - 887-391 

sections  of  lower  beds S80-3»7 

Cross,  W.,  cited  on  subordinate  cleavage  in  feldspar 78. 

Crossley,  analysis  by 2i5 

CrystHlline  rocks  described  by  Owen 1  ^ 

Cutter,  C'has.,  author  of  guide  to  Hot  Springs » 16. 

Cu  ting,  H.  A.,  cited  on  the  effect  of  heat  on  granite 5i 

Dallas  county  court-house,  Texas 54 

Daraoiir,  analysis « 3;J4 

Damour  and  Des  Oloizeaux  cited  on  brookite. 8<i7-&. 

Dana,  E.  8..  cited  on  brookite 814-817,  218-322 

information  from 339- 

Dana,  J.  D.,  cited  on  "ozarkite"  222,  Perofskite  881. 

Day,  David  T.,  cited  on  Arkansas  syenite 18-19,  3S. 

Deoompo»ed  syenite,  analysis  of ^ ^i 

De  la  Beche  mentioned  by  Powell ^ 

Derby,  O.  A.,  cited  on  Brazilian  dikes  401,  Ting.  278. 

names  used  by 4  '8- 

use  of  Brazilian  mining-pan.. 69,  397 

Des  Oloizeaux  cited  on  microciine  from  Magnet  Cove 289-.*40> 

Detrital  material,  analysis  of 8a 

from  pulasklte.. 8!t 

of  igneous  origin  outsVde  VXie  a^^tiX^a  vea8..«..M...... ^^.•••••••••••••••.••••••••••m*.    878-;i7& 
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Diamond  Jo  quarry  at  Magnet  Cove « ^ ••>•••» 198 

contact  rock  at „ 298-299 

Dikes,  nomenclature  of 393-394,  480 

outside  of  Arka'isas  aescribed 400-406 

ontflide  syenite  areas  but  in  Arkansas  (J.  F.  Kemp)^ 892-406 

relation  to  Ouachita  uplift « ^ 2 

syenite  in  fourche  mountain  region^ 24-26,  90,  98,  97 

tabulation  of  in  Arkansas  (Kemp  and  Williams) ^ 407-427 

Dl  ler,  J.  C,  analysis 'umished  by „ «..    899 

cited  on  peridotite  382,  386,  Perofskite  142. 

Diopside  in  .fCgir.  ting.  370,  El.  garnet  sy  230,  ibid  (see  erraU)  850.    El.  porph 260-261 

El.  s  dalite   ^y.  350,   El.  sy.  77,  134,  El.  sy.  dike  rock  286,  Leuc.  sy.  dike  rock,  272 
Leuc.   ting.  281,  283-4  Pulask.  63. 

Diiro,  Hungary,  dikes  near  el.  sy „.., « 405 

Dodge,  J.  A,,  experiments  on  freezingof  rock 49 

Doltcr,  C,  analys.sby 81,  250 

cited  on  •'eI<eolithsyenitporpbyre" .« 264 

Dolerytc  of  Harvey 88 

Dumble,  E.  T.  rtferred  to -    6 

Dysanalyte  (see  perofskite). 

Eakins,  L.  G.  analysis  by 229,  899 

Egypt,  syenite  from 19 

Eloeolithsyenitporphjre 264 

Eleolite,  analysis  of „ 210,271 

called  sunstone , 209 

identified  by  Sbepard « 209 

in  El.  eudialyte  sy.  (pegnoatitic)  241,  El.  garnet  porph.  850,  El.  garnet  sy.  230,  El.  mica 
sy.  209-210,  El.  porph,  148,  259-260.  El.  scdalite  sy.  850,  El.  sy.  76-77,  183,  137,  El.  sy. 
dike  rock  87,  'J.34,  El.  sy.  peg.  dike  144,- El.  ting.  266,  851-2,  Leuc.  sy.  dike  roek  275. 
Leuc.  ting.  279,  281,  2S4, 289.  MiaroliUc  el.  sy.  dikes  92.    Pulask.  65-66,  Tiig.  101. 

mentioned  by  Shepard - 12,  205 

spelling  of 1 

Eleolite  eudialyte  syenite  (pegmatite)  minerals  in 289-258 

occurrence  of  at  Magnet  Cove 184,  288-9 

structure  of 239 

Eleolite  felsite  (^ee  tine  grained  eleolite  porphyry) ^ 262 

analysis  of.. 263-4 

compared  with  shales 268 

Eleolite  Karuet  porphyry,  de<^cription  and  occurrence.. 850-1 

minerals  in  (see  errata) 850 

Eleolite  garnet  syenite  (rldije  type)  minerals  in 230-282 

occurrence  uf  at  Magnet  Cove.. 179,  182,  187, 195,  196,  200 

structure  of « 229-230 

Eleolite  mica  syenite  (cove  tvi>e)  analysis  of  dtirk  colored  rook 227 

analysis  of  light  colored  rock 226 

minerals  in 209-225 

occurrence  of  .it  Magnet  rov«j 180,  182,  186,  188,  208 

Eleoli  e  porphyry,  analysis  of.. 261 

association  of  with  eleolite  mica  syenite 192 

coarse-grained 259-261 

ane-grained  (El.  feWte) 261-264 

minerals  of 148-149,  259-261 

occurrence  of  in  Magnet  Cove  region «. 178,  188, 191, 198,  258-264 

occurrence  of  in  Saline  county  region „ 147-149 


similarity  to  nnsk  at  Beemer?ille  N.  J ......m.m ,„^  mm......m ^^9 

use  of  name  in  this  report.. mm. «^  *^ 
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Eleolite  sodallte  ajeniU  «t  Potash  Sulphur  Springs ^ 849-350 

minerals  iu  and  occurrence  of ~ «• 949-850 

Eleolite  syenite,  abyssal.     .^ ^ « 1 

analyses  of. « 81, 185-136 

in  Fouiche  Mountain  region „ 71-S3 

Eleolite  syenite  in  Saline  County  region ^..    129, 180-140 

in  Potash  Sulphur  Springs  region.w ^ 846 

intrnaiTe......^ 1 

occurrence  of  in  Arkansas „ ». 1 

(orthociastic  from  Saline  county  region)  see  under  orihoclastic  Eleolite  syenite. 

physical  properties  of  (see  under  "Gray  granite") 

(plagioclastic  from  Saline  county  region)  see  under  Plagioclastic  eleolite  syenite. 

regions,  subdivisions  of ....^ .» 2 

relation  to  other  rocks. ^ 121 

use  of  name  in  this  report. 428 

Eleolite  syenite  dike  rock,  analyses  of ^ 88, 288 

compared  with   nordmarkite.... 89 

in  Fourche  Mountain  region......... ^ 88-90 

in  Magnet  Oove  region  (Diamond  Jo  type) 175, 185-194, 195, 197, 199 

in  Magnet  CoTe  region  f  fine-grained  rock) 177, 185, 187, 195 

in  Potash  Sulphur  Springs  region 347 

mineraliin  the  rock 85-87,233  288 

physical  properties  of  (see  under  "Brown  granite.) 

relation  to  other  rocks » 121,  288 

similarity  to  foyaite 9t 

use  of  name  in  this  report 85,  428 

Eleolite  syenite  dike  rock,  rarietiesof   (Brown  granite) 88-90 

yarieties  of  (Diamond  Jo  type) 233-288 

Eleolite  syenite  first  suggestion  of  at  Magnet  Coy^ » 205 

Eleolite  syenite  (orthociastic).    See  under  Oithoclastic  eleolite  syenite. 

Eleolite  syenite  pegmatite  dikes,  occurrence  of 148-146 

structure  and  minerals  in  various  dikes 143-146 

Eleolite  syenite  (plagioclastic)  see  under  Plagioclastic  eleolite  syenite. 

Eleolite  tiuKuiite  analysis  of „ ^ 266 

in  Magoet  Cove  region 178,  189,  195,  196,  200,  201,  264 

in  Potash  Sulphur  tSpriogs  region 851-S52 

similarity  of  composition  with  that  of  Diamond  Jo  rock. 267 

use  of  name  in  this  report. 429 

varieties  of  border  type. 851-2,  480 

varieti'-s  of  dike  type 351-2,  480 

Elliott  Co.  Ky.,  analysis  of  peridotite  from 885 

perofskite  in  peridotite  from ^ 382 

El  Paso  Co.,  Colorado,  astrophyllite  from 159 

Emerson,  B.  K  ,  cited  on  eleolite  syenite  from  Kew  Jersey 149,  402 

Emerson,  W.  H.,  analysis 886 

Englemann,  Geo.,  quoted  on  occurrence  of  igneous  rocks  in  Arkansas 12-18 

referred  to  on  same  subject 893 

Enstatite  in  Kentucky  peridotite ^ 884 

Ermentraudt  mountain 28,  87, 116, 118 

Eruptive  rocks,  in  Texas .^.... 5 

want  of  proof  of  in  Arkansas 1, 128,  848,  866 

Esinark  cited  on  tegirite 248 

EucoMte  considered  as  wea'hered  eudialyte... 256 

from  peninsula  Kola „ 258 

measured  on  goniometer ...» mm ^. .»...    257 


INDEX.  441 

^adUlyte,  anaiyset  of 247 

aziAlratioB  of^ „ ^ 242 

described  by  Hiddea  and  Mackintosh  from  Magnet  Core »^ 248 

figured 243,  244,  246 

from  Greenland ^^ 242 

identified  at  Magnet  Cove  bj  0.  U.  Sbepard 205.  241 

in  eleolite  eudialyte  syenite  of  Magnet  Cove 241 

inclusions  in 215 

measurements  of »    243-244,  246 

Falrchild's  mineral  spring  mentioned  by  Owen ^ 15 

Fassa  Valley,  pseudomorpbs  of  augite  form » 115 

TesuTianite  from 337 

Peatherstonbaugb,  G.  W.,  cited  on  cegirite  (hornblende) 248 

cited  on  arboration  of  Magnet  Goto » 167 

cited  on  magnetic  attraction  at  Magnet  Cove „ ^ 171 

cited  on  magnetic  ore  at  Magoet  Core^ I80 

cited  on  minerals  and  rocks  of  Magoet  Ootc „ 2<i4 

cited  on  name  of  Magoet  Coto 164 

quoted  on  the  igneons  rocks  of  Araansas^ 10 

Feldspar  (see  also  under  Orthoclase  and  Sanidine). 

analysis  of 76 

early  mention  of  at  Magnet  Goto  « „ m. 7,  204 

in  el.  sodalite  sy.  849,  £1.  sy.  74-76,  El.  sy.  dike  roek,  86,  El.  sy.  dike  rock  (miaroli- 
tic)  91. 

Feldspathic  rocks,  petrographic  description  of  in  Saline  county ^ 130-150 

Ferrotitanite  (see  also  Scborlomtte).. 215-216 

Ferrous  sulphide,  formation  of  on  contact  rock 118 

Fenchtwanger,  Lewis,  cited  on  striations  on  quartz 304 

Fiadelengletscher,  perofskite  from 384 

Flink,  G.  analysis  by / 6* 

Fluorite,  in  el.  sy.  78,  El.  sy.  dike  rock  287,  Pulask,  67. 

Forsberg,  G.  analyses  by 8*,  89 

Fort  Smith,  analysis  of  shale^from 263-4 

Fort  Smith— McAllister  coal-field 4 

Foster,  J.  W.  cited  on  Azoic  rocic  in  Arkansas.. „ 206 

Fourche  Bayou  mentioned 19,  107 

miarolitic  quartz  syenite  near  Little  Fourche  Bayou    ^ 93  97 

Fourche  Cove  described  by  W.  B.  Powells .•. 11,  J2 

description  of ^« 28 

location  of 19 

Fourche  mountain  granite  quarry 40 

Fourche  mountain  ideal  section  of 120 

proper 116 

Fourche  mountain  region  age  of 128 

contact  rocks  in 116-119 

distinction  in  names 19 

distribution  of  igneous  rocks  in i 19-82 

genetic  relations  of  igneous  rocks  of 119-128 

petrographic  description  of  rocks  of 88-116 

petrographic  literature  of « ^ «..    84-89 

relief  map  of,  (plate  2) , „ 19 

sequence  of  formation  of  rocks  of ...,.,..« 1^ 

Fourchite  analysis  of ^.^ 108 

deriration  of  name „ 107 

described  by  J.  F.  Kemp ^ 290 

genitic  relations  of « 122 

in  Fourche  mountain  region.. "**       ............    80, 107-112 
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Fourchite  In  Magnet  Core  region „ 174,  176,179, 186,  200,  210,  27a 

in  Potash  Sulphur  SpriDge  region ^ 847 

relations  to  monchiqaite lia 

relations  to  tinguiite 175. 

relative  age  of 29^ 

Foyiiite,  BrOgger's  use  of  name.. ", 85. 

from  New  Jersey 149- 

similsritj  to  eleolite  syenite  dike  rock ^    90 

use  of  name  in  this  report ., 42^ 

Freezing  and  tbawiog  eflRBct  of  on  granites „..  90-51 

Gannoway,  C.  B.,  analyses  of  Potash  Sulphur  Springs  water 862: 

Garland  connty,  dikes  in     „ 891 

Garland,  Geo.,  owoer  of  Hominy  Hill „....  871 

Garnet  In  el.  eudialyte  sy.  251,  EI.  gar.  porph.  850,  El.  gar.  sy.  280-281. 

in  Kentucky  peridotite.. 88i 

Gas  analysis  of  air  from  spring  at  Magnet  Oove 188 

Genetic  relations  of  rocks  in  Fourche  Mouutain  region 119-123. 

of  rocks  in  Magnet  Cove  region 842-348 

of  rock  in  Pike  county 886-391 

of  rocks  in  Potash  Sulphur  region .».  865-36& 

of  rocks  in  Saline  county  region 161-162 

Oenth,  F.  A.,  analyses  by 207,247,  251,  252,  278,  889,  840.1 

Giesaen,  Germany,  bauxite  near „^ -.^.^ .»..«.  125 

Gilmore,  Q.  A.,  strength  of  building  stone .^.44-46 

Glassy  bate  (see  under  groundmass.) 

Glauber's  salts  at  Magnet  Cove » & 

Gmelin,  G.  G.,  analysis 60 

Gneiss  of  W.  B.  Powell ..«« ~ 12 

Gold  Hill,  Saline  county 128 

Graeir,  F.  F.,  cited  on  Brazilian  rock...., 75,  80,  278, 402 

names  used  by 428 

Granite,  analyses  of  Fourche  Mountain  region  granite. 39,  70,  81,  88,  99 

early  mention  of  in   Arkansas » 7 

called  zircon  syenite  by  Owen '. ^;  ISO 

described  by  Hill  in  Indian  Territory 4 

explanation  of  use  of  term % 1ft 

from  Diamond  Jo  quarry,  Magnet  Cove , 198 

in  Missouri.. i 

in  Indian  Territory 4 

of  Harvfy ; 87-88 

Powells  varieties- .'. 11-12 

Granite  Mountain   mentioned 19,  26 

Granite-syenite  of  Owen - 8T 

of  Harvey 87-88 

Granite  structure,  thickness  of  overlying  strata  necessary  to  form 120 

Graphic  granite  reported  from  Saline  county  by  Owen..; 180 

Grauwacke  of  Powell » 13 

Gray  granite,  absorptiveness  of — •    78l 

analysis  of 73 

color  of — - ••••    73 

cryslallographic  microscopic  and  chemical  investigation  of 74-88 

effect  of  heat  on 74 

in  Fourche  Mountain  region 71-88 

in  Saline  county  region «.«...  12& 
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physical  properties  of 72-84 

relation  of  to  other  rockit 121 

specific  grayftj  of 74 

strength  of ^ 78: 

structure  of i 72 

weight  per  cubic  foot „ 74 

Greenland,  eadialyte  from 252 

loose  blocks  of  basic  granite  reported 405^ 

DO  dikes  reported  from.....'. « 405^ 

Greenstone  of    Powell 12-8d 

Griswold,  L.  S.,  cited  on  noTaculite 8,  120,  822 

mentioned 406,  418,  410,  411 

noTiculite  located  hj ^^  167 

Groth,  P.,  cited  on  brookite 816. 

Groundmass,  in  amph.  monch,  153,  amph.  ouach.  118. 

conUct  rocks  160,  £1.  ting.  352,  Fourche  108,  Leuc.  sy.  dike  rock  274-276,  Leac. 
ting.  279,  Monch.  358,  Peridot  882-888,  Porph.  sy.  142,  Ting.  103-105. 

Gulpha  Creek 867-86& 

Hale,  John  C  ,  surveyed  Magnet  Cove .' 171 

Hall,  James,  cited  on  efiect  of  absorptireness 4& 

rock  from 886^ 

Hardness  of  stone,  definition  of 41 

effect  on  Tarious  minerals  used 42 

means  of  estimating  relative  hardness 41 

Harrington,  J.  B.,  analysis  by........... , Ill 

cited  on  teschenite  near  Montreal 404 

Harvey,  F.  L.  cited    Arkansas  rocks 16-17.  37-88, 180 

Hauer,  V.,  analysis  by 271-272 

HaOyene  in  leuc.  tinfir.  2S5-289,  ouach.  895. 

theoretical  composition  of 288 

Hawes,  G.  W.,  analysis  by Ill 

syenite  from  Red  Hill,  N.  H 57 

Haworth,  K.,  cited  on  Missouri  granites 4 

Heat,  efTectof  on  stone 50-74 

Hedrum,  Norway,  eegirite  from « 287-87(^ 

Hematite,  crystals  of  at  Magnet  Oove 880 

in  el.  sy.   dil^e  rock 288 

with  rutile  crystals 380 

Henry,  James,  pyrite  on   farm  of 16^ 

Hermann,  R  ,  cited  on  and  analy.  of  brookite 308-30^ 

Hessienberg,  F.  R.,  on  twin  law  of  rutile 824-828 

HidUeo  and  Macintosh,  cited  on  eudialyte .' 242 

Hidden,  W.  E  ,  minerals  loaned  by... 242 

Hill,  R.  T.,  cited  on   "Trinity  of  Arkansas" 386-91 

granite  in  Indian  Territory  mentioned  by 4 

Hintze  C,  Handbuch  cited 837 

Hominy  Hill 371-372 

Hominy  Hill  dike 371-878 

Hopkins,  T.  C,  cited  on  lime  kilns J84 

Hornblende,  from  Magnet  Cove  (Featherstonhaugh) 204 

in  amph.  monch.  158,  Amph.  ouach.  112. 

Ouach 896-898 

Hornblende  rock  of  Harvey 88 

of  Powell .; « 12. 
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Horoitone,  Fourche  Mountain  rtgion. ^ » 119 

Magnet  Cove  r«gion ^ 177, 179, 186, 188. 191, 192, 196,  200,  262,  264,  296 

llosk jna-Abi  ahall,  J.  L.  dtedon  apatite ^ 221 

BotSpring  county,  diket  in ^ ^ 392 

Hot  Springs,  cause  of  (Owto) ^ « 14 

earlj  mention  of „ „ 7 

Hot  Springs  Creek „ ^ 867 

Hot  Springs  dikes  analysed »• ^ 899 

described ^ ^ 867-871 

Hour-glass  structure  of  augite ^ ^ 107 

Hudson  River  shale  cut  by  foyaite.....^ » -^ .,.    146 

Hunt,  T.  Sterry,  cited  on  abeorptiyenesa 48 

cited  on  dikes  near  Montreal ^ „ 404 

serpentine  analysed  by ^ 848 

Hunter,  M.,  analysis  bf j ^ 111,898,  899,  402 

Hunter  M.  and  Boeenbuscb,  H.,  cited  on  monchiquite 109-111 

Hussak,  E.,  analysis  by ^....— .^ ^ ^ Ill 

cited  on  Brazilian  tiaguaite ^ « » „ 278 

on  pseudoleuoite^ .^ 274 

names  used  by» ^ ^ „..  428 

Hutcberson,  topographer  of  Magnet  Gove ^ 171-178 

Hyalite,  on  segregation  rein  in  Pulasklte -. 71 

Hydronephelite  in  eleolite  sjenite » ^^ 139 

Hydrotitanite,  analysis  of 835 

description  of ^ « 884-335 

namegiTenby  Kdnig^......» ^^ 884 

occurrence  of ^ » » 194 

'ladings,  J.  P.  cited  ui  crystallisation  of  igneous  rocks. .....mm  .....m. 8 

Igneous  rocks,  age  of  in  Arkansas... 8 

area  of  in  Arkansas ........^ - ^ 1 

character  of  in  Arkansas » 1 

•Igneous  rocks 

Eoglemann... 12 

crystallization  of— Iddings 8 

geographic  position  of  in  Arkansas 2 

geologic  occurrence  of  in  Arkansas .«- 1 

geologic  occurrence  of  In  adjacent  states.. » 1 

geologic  position  of  in  Arkansas.. 2 

in  Garland  county —. ~.     844-866, 367-371 

in  Hot  Spring  county  « « 162-348 

in  Indian  Territory ....« 4 

in  Missouri •. 8 

in  Pike  county.... 377-392 

In  Pulaski  oonnty 19-126,  371-878 

in  Saline  county 126-162 

literature  of.. - 7 

relation  to  Cretaceous 5 

relation  to  Pleistocene.. « - 5 

relation  to  Tertiary.. , 5 

llmenite  in  £1.  eudial.  sy.  252,  El.  garnet  sy.  281,  Ei.  mica  sy.  218,  Leuc.  ting.  286. 

in  Kentucky  peridotite ^ 884 

Indian  Territory,  ash-beds  extend  to - «75 

granite  In« « *1* 

OuachiU  uplift  in- ~ * 

-latratelluric  rocka « -^ « «~ 1*^ 
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lotmalT*  ehftraeter  of  rooki  «t  Magnet  CoTe.....« ^ „,.   848,  204 

iBtmsiTO  dlkei,  r«l&tlon  of  to  OuachitA  uplifts ^,^„ 2 

Inm  Moantaln  (Fourche  moantain) „ 18 

Iroo  Moanfaiii  ngion,  Miaaoari.. ». 207 

Iron  €1X0,  Pilot  Knob  and  Iron  Moaotaio,  Mo 4 

laogonie  cbiirt  of  Magnet  Cofe ^ 178 

Jaaaaeh  P.,  analyaea  bj  ^ »..    81 

dted  on  nae  of  letter  X 226 

Jenoej  W,  P «« 411 

mlnenUa  from 71 

Jemnejew,  P.  too.,  cited  on  feld»par... » „ 75- 

JlTaarite  in  eleollte  garnet  ayenite 231 

Kaiaerttohl,  Germany,  analy.  of  dyaanalyte  from 884 

Kalleexinaky,  E  analyaia  by 81 

Kaolin,  analyaia  of ,  from  Fourche  Mountain „,    82 

from  decomposition  of  certain  minerala 80 

from  decompoaitloD  of  el.  ay.  dike  rocka » 288 

from  Fourche  Mountain  region 81-36 

from  Magnet  Cove  region ^ 9 

Kaatle,  J.  H.,  analyaia 886 

Kemp,  J.  F.,  aualyaia  by 229-899 

oIt<<i  on  camptonite 896 

cited  on  New  Jeraey  rocks 402 

cited  on  Texas  eruptivea 5 

description  of  augitic  rock« 107,  892-404 

measurements  of  kry  ptoperthite 58 

meaaurements  of  microcline 240 

meaaurementa  of  microcline-microperthite. 74 

on  eleolite  porphyry  from  Beemerfille,  N.  J 149 

referred  to „ 290 

Kemp,  J.  P.  and  J.  Francis  Williams. 

tabulation  of  dikes  by 407-423 

Klmberlite,  pcridotite,  referred  to 383 

Kimzey,  W.  J.,  minerala  from 184,  242,  322,838 

'  Kinnicutt,  L.  P.,  gas  analysis  by 182 

Klein,  C,  cited  on  optic  examination  of  whole  crystals 245 

Knop,  analysis  by 216,  278,  333-4 

cited  on  use  of  letter  X 226 

Koch,  A.,  cited  on  dikes  near  Ditro,  Hung 405 

Kdnig,  G.  A.,  analyses  by 211,  225,  835 

cited  on  a'ttrophyllite  159,  on  protovcrmlculite 211,  225 

on  hydrotit4inlte  '. 334-5 

Kokscharow,  cited  on  bDokite  313,  316  on  eudialyte  243,  on  yesuTianite 337 

Kola,  eucolito  and  eudialyte  ou  penin&ula  of 258 

Kryptoperthite,  analyses  of,  from  Fourche  Mountain  59. 
Frcdrlkavam,  Nonjay,  60,  I^aurvik,  Norway,  60. 

Kunz,  G.  F.,  died  on  pseudoleuclte 194,  207-208,  272-274 

Labradorite,  in  miarolitic  quartz  syenite  95,  98. 
in  el.  garnet  ny.  (See  errata  351). 

Lacroix,  A.  cited  on  el.  sy.  from  Montreal ; 404 

LaTcn  Norway,  nephelinsyenit  pesmatitgSngo  near 97 

Lake  Champlain,  dikes  near 404 

Lake  Superior,  granite  of.. » 13 

Lake  Superior  system  of  Foster.. 206 

Lang  and  Jannasch,  cited  on  the  use  of  X„ ^ 226 
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Laurdalile,  likeDem  to  el.  sy ^ 80-81,  136 

Lsurvikite,  ao«Ir9iB  of. ^ 70 

likeness  to  pulasklte 56,  69,  429 

lava  like  appearance  of  rocks  at  Ma^et  Cove 177,  195,  204 

Lawrence,  Dr.  G.  W.  cited  by  Cutter 16 

t«cro7,  P.  O ^ 164 

Lehmann,  J.  on  thickness  of  overlying  rock ^ 120 

Lesley,  Joseph,  map  of  Fourche  core  by ^ 16 

L«squereux,  Leo,  on  arboration  of  Magnet  Gove 167 

l>tts  mine 149, 157,  162 

Leachteoberg,  cited  on  brookitc 313 

Leuctte  porphyry,  rock  reserubling 430 

Leucite,  pseudomorphs  after 17,  207,  274 

Leudte  phooolite 17 

Leucite  syenite  dike  rock  analysis  of ^ 267 

occurrence  of  at  Magnet  Core,  174-176,  184, 185, 190, 192-195,  197, 199, 
200,  267. 

relation  to  eleolite  syenite  dike  rock ^ „..    277 

use  of  name  in  this  report 430 

Leucite  tinguaiie,  aoalysisof  ^ 286 

black  variety 280-281 

border  type 277-281,  430 

dike  type 178,  179, 186,  201,  202,  281-9.  430 

green  variety ^ 185-188,  193, 196,  200,  277 

minerals  of 279-286 

percentage  composition  of 289 

undivided,  occurrence  of 174, 191,  195 

use  of  these  names  in  reports 430 

Levy,  cited  on  feldspar  cleavage 75 

Lewis,  H.  Carvill,  cited  pseudomorphs  at  Magnet  Oove 17,  383 

Lime-kiln,  possibility  of  at  Magnet  Cove 184 

Limburgite,  compared  with  ouachitite 894 

Limonite  at  Blocher 219 

at  Magnet  Cove 181 

Lindsay's  Brancti,  granite  on 16,  378 

Litchfield,  Maine,  eleoliie  sjenite  near 405 

Literature  general  on  Igneous  rocks  in  Arkansas 7-18 

special  petrographic  on  Fourche  mountain  region 34-39 

special  petrographic  in  Pike  county  region 377-8 

special  petrographic  on  Saline  county  region 129-30 

Little  Fourche  Bayou,  igneous  r«)ck  near 27 

Little  Missouri  River,  Pike  county,  Arkansas 11 

ash-bed^  extend  to 375 

Little  Rock,  analysis  of  shale  from 264 

Little  Rock  Granite  Company,  quarry   of 93-97 

exposition  of  1887,  granite  at 180 

Llano  county,  Texas,  pre-Cambrian   rocks  in 6 

Llano  River,  Texas,  Silurian  limestone  near '. 18 

Lockwood,  the  Mi^ses  mentioned 32 

I^odestone,  (see  magnetite). 

Lodestone  bed,  efifect  on  magnetic  needle ^ 173 

Louiitiana,  district  of 7 

territory  of 7 

Louisville,  Ky  ,  Belgian  blocks  in ^ 55 
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Lower  Ckrboniferous*  conformabllity  of.» » 8 

extent  of  in  Arkansas ~ 8 

igneoas  rocks  in - 8, 18 

in  Ouachita  uplift ^ ^ « 8 

Mear  Uttle  Rock.- m«« 8 

Lower  Silurian  In  Indian  Territory 4 

in  Missouri ~ 4 

Id  Ouachita  uplift 8 

liODd,  Norway,  analy.  of  laurdalite  from ^ 81 

IfcBrayer,  section  near  house  of......... - » 380 

Jfafoire,  surveyed  Magnet  Cove - 170 

Macadamized  roads,  blue  granite  for ».. ^ 55 

Macbado,  J.  analysis  by,. — 81 

names  used  by. 428 

referred  to 106,  278 

llacrery,  Joseph,  cited  on  early  explorations  of  Arkansas 7,  248 

Magnet  Cove,  age  of  igneous  rocks  from.. 203,208 

analysis  of  gas  given  off  from  spring  in.... „ 188 

arboration  ef » » » 167-170,  190 

Magnet  Cove,  calcite  meiamorphosed 181-185 

described  by  Featherstonhaogh 10, 11 

dikes  in.. 829 

distribution  of  igneous  rocks  in.. 173,  202 

early  reference  by  Macrery ^ 7 

eleolitc  eudialyto  seyenite  (pegmatite) 184,  238 

ele«>lite  garnet  syenite  (ridge  type; 179,  183,  186,  195, 196,  200 

eleollte  mica  syenite  (cove  type) „    180, 182,  186,  188.  208 

eleolite  porphyry 178.  188,  191, 198 

eleollte  syenite  dike  rock  (Diamond  Jo  type),    175,   185,  186,  187, 189, 191,  192,  lliS,  194, 

• 195,  197,  199 

eleolite  syenite  dilie  rock  (fine  grained) 177, 185, 187, 195 

fourchite  group  in., 174,  176,  179,  185,  186,  188,  200,  201 

"homstone"  in 177,  179,  186,  188,  191,  192,  196,  200 

inogouic  chsrt   of „    173 

leucite  syeuiie  .dike  lock, 174-176,  184,  185,  190,  192-195,  197,  !99,  200 

leucite  tinguaite 174,  lyi,  195 

lK>rder  type 185,186,  193,  196.  lOO 

dike  type 178,  179,  185,  186,  201,  2<i2 

limits  of  defined 1$4 

list  of  trecM  of 109,  170 

literature  of  rocks  from 203-208 

maguctic  declination  in 17(»-178 

magnetic  ore  (lodestone)  from 180-187 

mentiuucd  by  Bringier„ 9^  163 

menti(»ue<l  1)y  W.  B   Powell H 

mentioned  by  Schoolcraft n^  163 

metamorphosed  banded  rock 179^  196^  200 

luetamorphoAeJ    rooks  in., 2l»6-:K)S 

miarolitic  eleolite  .syenite 178,  J9i,  192 

raineralogic,  pctiographic  and  chemical  characteristics  of  rock  from 2(3-295 

monchiquite  group  in 174,  185,  188,  1J>6,  200 

uovacuiite  decompoa^d  from Ijjg 

origin  and  first  use  of  naaie 163-164 

ouachilite 174,  185.  188 

quartz  rock  with  brookite 189-190,  192 


i 
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Magnet  Gore. 

reUtioni  of  igneous  rocks  to  each  other  and  to  Bedlmeotarj 842-34& 

sinter  (Hot  Springs  deposit)^ «....;...y „ 181-188 

spriog  giving  off  air  babbles  described. ^ « 182 

topographic  and  geographic  features  of....^ .m- 168 

Magnetite,  analysis  of. ^ » 219 

io  »girite  ting.  870,  Calcite  885,  Contact  rock  297,  808,  £1.  eudialy  te  sj,  252, 
in  EI.  garnet  bj,  281,  El.  roicasy.  218,  222,  £1.  porph.  249,  261,  El.  sy.  dike 
rock,  87,  287,  El.  sy.  78,  185,  189,  El.  ting.  266,  Leuc.  ting.  280, 286,  Porphyritic 
sy.  142,  Pscudolf  ucite,  269,  in  pulask.  67. 

phosphorus  determined  in  ^ 220 

pseudomorphs  after  pyrite  and  hornblende 220 

occurrence  of  in  Magnet  Oove «. 8,  9,  178,  180,  204,  206 

Magnetic  declination  iu  Magnet  Ooto. 278 

Maoganeee  in  quartz  syenite 98 

Manganopectoliteanaljzed 264 

compared  with  pectoliie 255. 

in  elH>lite  eudialyte  8y.» 253 

measured » » 257 

Mar,  F.  W.,  aoalyais  by.. - 833-334 

MasoQ  county,  Texas,  pre -Cambrian  in.. 6 

Means,  J.  H.,  water  collected  by 864 

Meeker  place,  section  at 874 

Melanite,  in  el.  garnet  porph.,  850,  £1.  garnet  sy.,  281,  El.  miqt  sy.,  217,  El.  porph.,  261, 
Leuc.  ting.,  279,  280,  Leuc.  sy.  dike  rock,  276. 

Melaphyr   repotted  from  Portugal i » 400 

Meliliie  (?)  in  amphibole  mcnchiquite.. ^ „ 29& 

Memphis,  Tenn.,  Meihodisl  church  in 54 

Merian,  A.,  analysis  by, 70,  81 

Merrill,  Dr.  G.  P.,  cited  on  pseudoleuciie » 278-4 

mentioned 84,  207 

Meaotype-like  mineral v ; 222 

Metamorphosed  rock,  analysis  of 802 

occurrenieof„ 22,  118,  179,  196,  200,  297-803 

Miarolitio  eleolite  syenite,  absorptiveness  of 91 

color  of.. 91 

in  Fourche  Mountaio  region 90-92 

in  Magnet  CoTe  region 178,  191,  192 

petiographicchara(teristic8  of 232-3 

relation  toother  rocks 120 

specific  gravity  of ^ 91 

sulphuretted  hydrog'^n,  odor  of  in.. 233 

use  of  uame 428 

Miarolitic  quartz  syenite  dikes,  analyses  of 96-99 

manganese  in 87 

microscopic  aud  macrosct'pic  characieiisiics  of„ „ 97 

occurrence  of 97-99 

quartz  syenite  dikei?,  relation  to  other  rocks 121 

structure  of 97 

use  of  name 428 

Mica  pseudomorph  after  augite..» 114 

yellow  mica  in  peridotite..» 381 

Microcline,  analysis  of 240 

in  eleolite  eudialyte  syenite, 289-241 

measurements  of 240 

sections  of.. 240 
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Mlllttr,  W.  H..  clt«d  on  brookite ^ J. „ 806 

Mill  Gmp,  dike  near.. « .,    898 

'*hornblendio  rock"  near 16 

MinasOeraes 106 

ICinerala,  Comitock'a  list  mentioned^ 18 

Mineral  water,  collection  of  at  Potash  Sulphur  Springs 861 

analysis  of 262-4 

MlMoeaota,  granit«  from 52-68 

Miaaiaalppian  rocks,  igneous  recks  in 8 

Miaoiiri,  arch<*an  rocks  in 4 

granites,  literature  of^ 4 

granite  mentioned ;....      4 

igneous  rocks  of „ 8 

Lower  Silurian  in 4 

•       porphyries  „ „      4 

MlMOuri  Territory „ 8 

Mltfcberllch,  Profersor,  leucite  from '. 270-271 

Mdller,  E.,  cited  on   use  of  X 226 

M&ire  meialitjue,   lustre  on  altered  brookite 810,821 

Moncbiquit<*,  in  Fourche   Mountaiu  region » 114-116 

in  Magnet  Core  region „ 174,  185, 188, 196,  200,  290-296 

in  Potash   Sulphur  Springs  region » 852-864 

in  Saline  county   region 165-157 

olivine-free 80 

relations  to  fourchite „,.„ 110 

resembles  picrite «^ « 167 

sub-divided 109 

Monlux,  Mrs.,  plagiocla^tic  syenite  on   property  of 129 

Monroe,  N.  Y.,  pseudoinorphs  from 4 116 

Monte  Creppa,  pseudomorphs  from 115 

Monticellite,  analyses  of 841 

measurements  of  angles  of 840 

occurrence  of.. 888 

Montreal,  Canada,  dikes  near 404 

Monsoni  Mountains,  vesuvianite  from.. » 837 

Moore,  John  P.,  information  from 168 

meotioned ^ » »..  413 

Murfreesboro,  Pikec  mnty,  peridotite  near 887 

National  Museum,  Powell's  collection  in 84 

Natrolite,  analysis  of 262-258 

Natrolite,    figured 252 

Natrolite  in   eleolite  eudialyte  syenite 252 

Natroxonotlite,  analysis  of    (re-calculated) ^..^ 858 

theoretical  composition  of „ 858 

Naumann,  0.  F.,  cited 00  pegmatite  dikes.. ^ 92 

Nepheline,  (see  under  eleolite.) 

in  amphibole  monchiquite  (?)  „ 294 

in  leucite  tingu&iie 284 

Nethercutt  Solomon 128 

New  Boggy  Depot,  Indian  Territory,  granite  near 4 

Nigg-r  Hill,  Fort  Smith,  analysis  of  shale  from ^,  263-264 

Niobateof  yttriaand  thorina  (Shepard) 806 

Koroenclature  of  baaio  dikes  (Kemp) 898-884 

29  Geologlcali  Vol.  U.,  1890. 


450  ANNUAIi  REPORT  STATE  OEOLOOIST. 

Nordmarkite,  com parisoD  with  el.  tf.  dike  roek ^ 89,429 

NoTaculite,  deoempoeed,  from  Magnet  Core 186 

poasible  use  for 185 

near  Potash  >ulphur  Springs 344-848 

Noyes,  W.   A.,  analjsee  bj,  59,  60,  81,  88,  89,   108,  111,  135, 139,  229,  261,  264,  276,  295,  302,  370 

cited  on  determination  of  titanium 248 

Oberwei  sen  thai,  analjr.  of  altered  leucite  from  ^ 273 

OliTine  altered  to  serpentine 115-38S 

in  amph.  monch.  153, 291  io  Kentucky  peridot  885,  Mjnch.  110, 115,  Ouacb.  395,  398 
Peridot,  881. 

oolitic  structure  of  kaolin 125 

Order  of  formation  of  rocks  of  Fourche  Moumain ^ 123 

Orthoclase  from  Brazil  aniljs<Hl... 271 

Orthoclaae  in  segirite  ting.  372,  Calcite  359. 

El.  eudialyte  Bj.  239-242,    El.  mica sy.  210,    El.  porph.  148,    El.  sj.  dike  rock,* 
86,  238-234,    Leucite  dike  rock    275,    Leuc.  ting.  28W291.    Ortboclastic  el.  sj, 
183,    Plagioclastlc  el.  sj.  187,  Porph.  sj.  140-141,  Pulask.  58,  Quarts  sj.  (fine- 
grained) 98,  El.  tiog.  265-6.  Pseudoleucite,  268-266,  Orthoclase  ting.  100. 
in  Pot:<sh  Sulpbur  •'springs  calcite. 

angles  of 369 

analysis  of 860 

analysis  of  re-calculated 360 

in  pulaskite,  a  'alysis  of « 59 

oomparis  n  with  others 60 

idea  ification  with  kryptopertbite 59 

measurem  nts  of '. , 58 

Orthoclantic  el' otite  syenlti*,  abnorptiveness  of  182 

analysis  of 135 

.   color  and  structure  of 130 

prgmatitic  appearance  of. 131 

physical  properties  of 130-132 

specific  grarity  of 182 

strength  of.. 181—182 

use  of 130 

weight  of  per  cubic  foot 182 

Ouachitite,  analysis  of 228 

occurrence  of  at  Magnet  Cove 174, 175,  188 

relation  to  moncbiquite 110 

use  of  name '. 393 

Ouacbita  RKer,  dikes  near 392 

"hornblendio  rock"  near .• 15 

Ouachita  uplift,  relation  to  igneous  rocks 3 

Owen,  D.  D.,  cited  on  dike  near  Mill  Gap  393,  Granite  at  Spavinaw  Greek  4,  14,  Granite 
rock  373,  Tg.  rocks  of  Ark.  14- If,  b6-37,  Magnetic  ore  at  Magnet  Cove,  180, 
Minerals  and  rocks  at  Magnet  Cove,  205,  206,  Pike  county,  378,  Saline  county 
rocks,  126-130,  mentioned,  413. 
Osarkite  (see  thomsonite) 

*'Osark  Mountains"  near  Hot  Springs,  map  of 368 

Paijkull,  G.,  analyses 287,370 

FlUeozoic,  inclusions  in  igneous  locks 127-128 

inclusions  in  section  21,  Saline  county 160 

petrographlc  description  of  from  section  21 160 

similarity  to  igtieous  rocks 161 

Plaramorphs  of  ru tile  after  brookite 318-322 

Peotolile,  theoretical  composilloa  of.. -^ - 256-868 
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Ptoekskill,  N.  Y.,  analysifl  of  peridotite  from ^ ^ 886 

F^gm«Ute  feleolyte  eudi«Iite  syenite) ^ 888-868 

UMof  term 429 

pegmatite  d  iked,  theory  of m. 92 

FlBDfleld,  L.  8.,  cited  on  brooktte ^ 811-814 

Peoroee,  R.  A.  F.  Jr.,  died  on  ash-beds ^ 878-875 

meniioned 404,  406 

Peridotite,  age  of  from  Arkansas^ 886-898 

analysis  of  from  Arkansas 888 

analysis  of  from  Elliott  county  Ky 884-6 

analysis  from  Peekskill,  N.  Y.  (picrite) 886 

analysis  from  Syracuse,  N,  Y., » 886 

in  Elliott  county,  Ky 882 

in  Pike  county - 118 

comparison  with  other  peridotite » 884-886 

section  of  occurrence  of ^ 887 

use  of  name  in  th(s  report 

distribution  and  characteristics  of 877-9 

petrographic  and  chemical  characteristics  of 880-884 

relations  of    to  sedimentary  rock 886<-898 

Perofsklte  (dysanalyte)  analysis  ot 884 

analysis  of,  from  Arkansas 884 

other  localities 834 

described  by  Alfredo  Ben  h'aude 881-888 

mentioned  by  J.  D.  Dana 881 

F.  W.  Mar> ., 888-884 

C.  a.  Shepard 881 

occurrence  at  Magnet  Oove 184-880 

in  peridotite 882-388 

possibility  of  occurrence  in  porph.  sy 142 

Pesmeda  Mt.,  Tyrol,  Eleeolitbsyenitporphyr  from 264 

phlogopite  in  metamorphosed  calcite^ ». 886 

Phonolite.. 17,274 

Phosphorus,  Mas;npt  €k>ye  magnetite  tested  for 220 

Picota,  rock  from  described ..„  401 

Pilot  Knob,  Mo.,  iron  ore  from..   .     4 

Pilot  Koob,  Texas,  eruptive  rock  near „      6 

Pike  county,  Arkansas,  analysis  of  peridotite  from 886 

CretaceoHs  in « 6 

igneous  rocks  in « 5,877-898 

mentioned  by  Rev.  E.  R,  Beadle 878 

Owen 15,  878 

Powell 877 

Shepard 877 

Picrite,  analysis  of 885 

Picrite  of  "Ooriland  Series'*  compared 886 

resembles  m>>nchiquite.. 167 

Pirsson.L.  V.,  cited  on  eudialyte 246 

ddscription  of  titanite 261 

me-isurements  on  eudialyte 246 

raonticellite 840 

Pisani  analysis  by„ „ ^.. 240 

Pisolitic  structure  of  Kaolin »..    126 
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PlAgloelue,  in  «glrit«  ting.  872.  Amph.  monch.  (anorthite)  294.  El.  garnet  sj.  (Labndo- 
ritM  aee  eimU)  851.  El.  porph.  148,  El.  sy.  (plagioclase)  187.  El.  87,  peg.  dike 
145.    Metamorphoted  contact  rock  854,  Miarolitic,  qu.  ay.  (Labradorite)  95,  98. 

Plagioclaitic  eleoUte  Bjeaite,  analysis  of < 189 

minerals  in..... ^ ^ 187-189 

similarity  to  theralite.. 140 

structure  of .*. 186 

Pleistocene,  in  Arkansar 5 

relation  to  igneous  rocks  in  Arkansas.. 5 

igneous  rocks,  relation  to,  in  Saline  county 126 

Pooosde  Caldas,  Brazil,  dikes  near 401 

Polaris,  obserrations  on  for  magnetic  declination 178 

Polk  oounty  ash-bed „ 875-376 

Porphyry,  mentioned  in  Missouri 4 

Porphyritic  dikes  in  Saline  county 1 146-149 

similarity  of  segirite  tingu&ite  type  to  rhomben-porphyr 147 

similarity  of  el.  porphyry  type  to  New  Jersey  rocks 147-149 

Porphyritic  syenite  in  Saline  county 140-143 

similaiity  to  pulaakite « 140 

Portugal,  analysis  of    el.  sy.  from 81 

analysis  of  foyaite  from 81 

analysis  of  uionchiquite  from 109 

Portugese  dikes  mentioned.. 895,  400,  401 

Post-tertiary,  section  of  in  Pike  county.. »..    880 

Potash  Sulphur  Springs,  arboration  of  346,  Augitic  rocks  at  252-254,  Contact  minerals,  apa- 
tite 855,  Natiozonotlite  358,.Orthoclase  859,  Plagioclase  854,  Pyrrhotite  859,  Quarts, 
855,  Wollastonite  856. 

contact  rocks  and  minerals  of 854-861 

distribution  of  igneous  rucks  of , 844,  818 

El.  garnet  porph 851 

El.  sodalite  sy 849-860 

El.  tinguilte,  (border  lype)„ * 861,  862 

El.  tinguaite,  dike  type  „ 852 

genetic  relations  of  igneous  rock  to  each  other  and  adjacent  sedimentarien 865,  866 

mentioned  by  Oomstock 1 

noraculite  at 34 

petrographic  description  of  rocks  of 849-36* 

rocks  and  minerals  from 846-348 

water  from 361,  865 

water,  analyzed 861-366 

Powell,  W.  B.,  minerals  from 805 

cited  on  igneous  rock  in  Arkansas U-12,  34-36, 130,  2M.  377 

Protovermiculite,  analysis  of 211, 226 

derived  from  biotite 211 

mentioned  by  Schoolcraft  and  Bringier 224 

named  by  Konig 225 

occuis  in  el.  mica  syenite 224-225 

Pseudoleuclte 194,  267,  268-274,  279,  280,  284-285 

analysis  of„ 270-278 

petrographic  description  of 278-274 

"suggested"  crystals  280 

Pseudomorphs,  of  chlorite  after  augite 116 

of  feldspar  after  leucite 20^ 

of  mica  after  augite 114 
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Palaakite.    (See  under  blue  granite). 

adoption  of  name.. ».    66 

analjaee  of. 70 

diagrammatic  representation  of  petrographio  relations. „ 57 

in  Saline  county 129 

microscopic  fetructure  of 56 

minerals  of 68,  69 

physical  properties  of,  (See  under  blue  granite). 

relation  to  other  rocks.. 120 

segregation  Tleos  in 71 

similar  to  porphyritic  syenite 140 

use  of  term 429 

Pnlaski,  Count  Oassimir „ 66 

Palaaki  county  court-house 64 

Pye,  Oeorge  C,  mentioned. 22 

Pyrite 8,  16,  220,  237,  263,  276,  280,  286,  297,  395,  898 

Pyroxene,  in  legirite  ting.  369-372,  Amph.  monch  (augite)  292.  Contact  rock,  297,  298-9,  854. 
El.  garnet  sy.  2.H0,  El.  micasy.  214.  El.  sy.  77-8, 134,  El.  sy.  dike  rock  86, 236,  Leuc 
sy.  dike  rock  275,  Porph.  sy.  141,  Pseudoleucite  269,  Pulask.  61-3.  Ting.  102. 

Pyrrhotite  at  Potash  Sulphur  Springs 859 

Quartz  from  Magnet  C>)Te 8,  303-304 

in  contact  rock,  Potash  Sulphur  Springs 355 

in  el.  sy.  pegmatite  dikes 145 

in  miarolitic  quartz  syenile 98 

inclusions  in. 95 

milky 803 

smoky 804 

striationson «..« ^ 804 

Quartz  rock  with  breokite,  Magnet  Cotc 189-190,  192,  803-304 

Quartz  syenite.    (See  miarolitic  quartz  syenite). 

occurrence  of 28,  29 

term  defined 98 

Rammelsburg,  C,  analyses  by 214-216,  270,  356,  858 

cited  on  brookite « 307 

Ramsey,  Wm.,  citod  on  eucoliie  from  peninsula  Kola 258 

Banite  in  eleolite  syenite 13<; 

Rath,  O.  Tom.,  cite<l  on  brookit«  altered  to  rutile  309-311,318,  321,   Rgtile  six  and  eight- 
lings  824-5.    Rutile  sixIingH  .S27. 

Red  Hill,  N.  H.,  syenite  from 67 

Relief  map  of  Fourche  Mountain  region  (IMato) 19 

Relief  map  of  Fourcho  Mountain  region  preparation  of 32 

Rensselaer  Polyt4?chnic  Institute,  testiug  machine  in 44 

Reynolds,  Jo.,  (Diamond  Jo)  quarry  of 198 

Rhomben-porphyr  (ncphellnrbombenporphyr)... 100, 147 

Rhombic  pyroxene  in  peridotite  fr  in  Courtlandt  Series ., 385 

RichanlHon  R.  surveyed  Magnet  Cove 170 

Richardson  Mrs.,  granite  reported  near  bouse  of 878 

Richtbofen,  G.  von,   cited  on  psiudoniorpbs.. 116 

Ricketts,  P.  C,  mentioned 44 

Riess,  rock  collected  by  in  Portugal 400 

Rio  de  Janerio,  Brazil,  rock  from: ^ 110 

Roman  Calbollc  Cathedral,  Little  Rock   64 

Rose,  G.,  cited  on  brookite 822 
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RoMnbuach,  H.,  cited  on  ainigmatite  64,  Alnoite  40S,  Arkanaaa  rocka,  17,  Ampta.  monch. 
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